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LETTER  OF  TRANSMITTAL. 


TJ.  S.  Department  of  Ageicultue^, 

Division  of  Foeestet, 
Washington,  B.  C,  Fehruary  i,  1893. 

SiE :  I  have  the  honor  Ti  ore  with  to  submit  for  publication  a  "Progress  Eeport"  on  investigations 
undertaken  by  this  Division  into  the  nature  of  our  important  woods,  being  the  second  of  a  series  of 
bulletins  on  Timber  Physics.  It  contains  the  results  of  tests  for  strength  made  on  the  long-leaf 
pine  collected  in  Alabama  and  a  comparative  study  by  Prof.  J.  B.  Johnson  of  the  various  exhibi- 
tions of  strength  as  related  to  each  other  and  as  dependent  on  certain  conditions  of  the  test 
si)ecimens. 

I  would  call  especial  attention  to  the  comparison  of  bled  and  unbled  timber,  which  is  accom- 
panied by  a  study  into  the  chemical  conditions  of  this  timber  by  Mr.  M.  Gomberg.     An  account 
of  the  general  characteristics  of  the  timber  of  long-leaf  pine  and  of  the  geographical  distribution 
of  the  species  and  a  brief  recapitulation  of  the  methods  pursued  in  this  work  are  added. 
■  EespectfuUy, 

Jj.  E.  Feenow, 

Chief. 
Hon.  J.  M.  EuSK, 

Secretary,  • 
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TIMBER  PHYSICS. 


INTRODUCTORY. 


The  progress  report  hercAvith  presented  ou  tbe  work  of  timber  investigations  is  pul)lisbed 
in  less  complete  form  thanliad  been  contemplated,  in  order  to  avoid  longer  delay  in  bringing  resnlts 
before  the  public.  The  delay  is  occasioned  by  inadequate  appropriations  for  the  work;  and  since 
tbe  work  is  now  to  be  stopped  entirely  for  lack  of  funds,  it  was  thought  best  to  publish  what 
lesultswere  in  such  shape  as  to  present  valuable  information. 

The  data  contained  in  the  report  refer  altogether  to  the  timber  of  long-leaf  pine  {P.  palmtris) 
from  Alabama,  being  tbe  results  of  mechanical  tests  obtained  in  the  test  labora.tory  under  direc- 
tion of  Prof.  J.  B.  Johnson  at  St.  Louis.  These  data  refer-to  over  2,000  tests  on  material  furnished 
by  twenty-six  trees  collected  from  four  different  sites  by  Dr.  Cliarles  Mobr. 

These  tests  may  be  said  to  represent  fairly  Avell  the  range  of  strength  pertaining  to  the 
species,  unless  unexpected  diiferences  are  found  in  the  material  collected  from  other  climatic  sta- 
tions. Such  material  has  been  collected  from  Louisiana  and  Texas,  but  the  lack  of  funds  mentioned 
before  ha's  prevented  its  utilization  for  this  report. 

The  following  table  represents  the  range  of  value  of  tbe  various  exhibitions  of  strength  as 
compiled  from  Table  I  of  Prof.  Johnson's  report : 

Condensed  tabic  of  iiiechan ical  proiievties  of  Lonij-lcaf  Fine. 
[Eanges  reiluced  to  15  per  cent  moisture.] 


Speoiflc 
gravity. 

f 
Cross  bending  tests. 

Crushing 
endwise. 

Crushing 
across 
grain. 

Tension. 

Shearing. 

Modulus  of 

strength  at 

elastic    limit. 

• 

strength, 

j,_3wL 

2  b  h^. 

Modulus 

of 
elasticity. 

Kolative 
elastic 

resilience 

in 
in.    lbs. 

per  cu.  in. 

Strength, 
Ijer  s<i.  in. 

Strength, 
per  sq.  in. 

Strength, 
per  sq.  in. 

Strength 

(mean), 

per  SIX.  in. 

Per  sq. in. 

J,  _  3  w  L 
2hh2: 

Bnttlogs 

Miclclle  logs. .. 
Top  logs 

0.449-1.039 
0.  575-0.  859 
0. 481—0. 907 

.   4702—10200 
7640-17128 
4208—15554 

11]8800— 3117370 

1130120-2981720 

842000—2697460 

0. 23—4.  09 
1.34    4,21 
0. 09—4. 05 

47S1-9850 
5030—9300 
4587—9100 

675—2094 
650—1445 
584^1760 

8600-31890 
6330—29500 
4170—23280 

464—1299 
539—1230 
484-1150 

49.30—13110 
5540—11790 
2553—11950 

Prof.  Johnson  has  attempted  to  relate  the  values  of  strength  to  other  qualities,  especially 
moisture  contents  of  the  test  piece,  and  compared  the  various  exhibitions  of  strength  with  each 
other,  to  find  if  possible  their  relation.  It  is  to  be  understood  that  this  discussion  refers  only  to 
the  species  in  band,  and  does  not  admit  of  generalization  to  other  timbers. 

Some  of  the  deductions  for  the  long-leaf  pine  may  eveu  have  to  be  modified  upon  further 
study.     We  summarize  the  more  important  deductions  as  follows: 

(1)  With  tbe  exception  of  tensile  strength,  a  reduction  of  moisture  is  accompanied  by  an 
increasein  stiengtb,  stiffness,  and  toughness. 

(2)  Variation  in  strength  goes  generally  hand  in  hand  with  variation  in  speciflc  gravity. 

(3)  The  strongest  timber  is  found  in  a  region  lying  between  tbe  pith  and  the  sap  at  about  one- 
third  of  the  radius  from  the  pith  in  tbe  butt  log;  in  the  top  log  the  heart  portion  seems  strongest. 
The  difference  in  strength  in  tbe  same  log  ranges,  however,  not  over  12  per  cent  of  the  average, 
except  in  crushing  across  the  grain  and  shearing,  whe»e  no  relation  according  to  radial  situation 
is  apparent. 
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(4)  Roganliiit;  the  variation  of  streutrth  Milb  the  beiRlit  in  the  tree,  it  wa«  luiuui  that  for  the 
first  'M  to  M  feet  the  vahiM  rt  in  liii  toiir.Uiiit,  Iht  n  .k  .urs  a  more  ..r  less  -radual  ile^rea^e  of 
strength,  which  finally,  at  llie  heit:ht  of  7U  fe^t.  .■.....,..!>  t..  Ji>  to  lU  j^r  cent  ol  thai  of  the  butt  log 
for  the  \;u-ioU8  exhibiti«*ns  of  htren;;th. 

(5)  III  hhearing  ami  crnshing  aortiss  and  panUlel  with  the  j,'nuu,  i.racliuilly  no  diflereucc  wu* 

found. 

(jj)  I  ,        » ...,,,.  i\)  l^,  ^»o  jH.r  eent  weaker  than  snuUl  putes. 

(7,  (^!  ..fU,  to  furnish  the  best  avera-e  statement  of  value  of  w<hk1,  and  if  one 

test  only  can  be  made  this  is  Uie  safest,  as  was  ahjo  reeognized  by  Bausihingi-r. 

The  investipitions  into  the  effe<.t  of  bleediiif?  the  trev.s  for  turiK-ntiui-  leave  now  no  doubt  ol 
the  fact  announced  in  a  im-liminary  circular,  that  bled  tin.l..-.  is  in  i...  respect  inferior  u>  unbled 

timber.  i  »     .i       i 

This  conclusion,  to  which  the  mechanical  test*  leut-cuuntenancc,  is  slienuthoned  by  the  chem 
ical  study  ..f  Mr.  M.  (W.mbern  into  the  distribution  of  resinous  contents  throu;:lmut  the  trees  bliHl 
and  uiibl"e«l  Thes«-  slu.w  what  phvsiolo-ical  considcniti.ms  would  lead  us  to  aiituii.ate.  that  the 
resinous  contents  of  the  heart  wo,kI  take  no  part  in  the  How  of  resin  indutn^l  by  the  -boxinK-  or 
'•chipping"  of  the  trw,  being  nontluid,  and  also  being  found  present  inlarger^  amounts  in  the 
heart  w.hkI  than  in  the  s;ip  w.mkI  as  well  bef..re  as  after  bleeding.  The  drain  appears  to  be  entirely 
from  the  s;ii.  w.mk1.  and  as  this  d.)es  not  enter  into  lumber  protUn  ti..n.  b.nig  hardly  "uue  than  two 
inches  on  the  radius,  it  niav  l»e  left  <.ul  of  consideration. 

The  result  of  the  te-sts,  to  the  effect  that  bled  timber  is  stronger  than  uiible«l,  which  I  rof. 
.bdinson  proiioses  to  explain  a.s  a  result  of  the  bleeding,  ilm's  not  seem  t«.  admit  of  su.h  ref.renr.-. 
It  is  Mispected  that  the  timber  from  the  orehiud  might  have  come  fi-om  a  l.Kalily  tiie  s..il  condi- 
tions of  which  were  apt  to  pHnluce  better  (juality,  the  coinpari.son  of  bknl  and  unblwl  timber 
having  V»een  made  on  material  fn»in  different  localities. 

From  the  field  reiKirt  of  Mr.  Itoth  it  would  appear  that  opinions  of  pr.icti.al  m.-n  are  so  much 
■It  variance  as  t«.  the  effe.t  of  bl.ediiig  as  to  be  of  no  special  value  and  we  can  claim  that  the 
,lis4riminati<.n  made  against  bid  tiii.bei.be  it  on  account  of  inferior  strength  or  infern.r  durability, 
is  due  to  an  unwarranted  prejudice. 

The  physioh.gical  consideratiiMis  and  the  processes  employtnl  in  the  gathciing  t.i  uin-i.tm.- 
in    this  and  "other  countries  will  be  f<mnd  fully  discussed  in  the  annual  reiM.rt  ..f   tl..-    r..u>tiy 

Division  for  the  year  l>i'.»l.'. 

The  anluous  and  difficult  task  of  collecting  th(^test  material  in  the  careful  manner  requin-fl 
for  this  work  has  la-en  performe<l  by  Dr.fharles  Mohr  in  a  most  ellicient  manner.  An  insj.ection 
of  the  field  re.«.rds  will  give  an  idea  of  what  this  involves  in  the  way  of  .<electiiig.  examining,  and 
<les«ribing  .sites  and  specimen.s.  but  no  i.lea  <.f  the  hai.lships  which  are  encountered  in  the  iK>r 
formaiice  of  the  w..rk  of  securing  and  shipping  logs  and  di.sks.  There  are  now  colleeted,  in  all. 
siK-cimens  from  l^^•{  trees  on  twenty  different  sites,  of  i'liiM*  pal,uitn»,  cchinnta,  T,nla.  (Jturnix 
mirhauj^i,  rubra,  fitlcata,  VheUat,  tinctoria.  alba,  obtusiloha.  comprising  in  all  UHHogs  and  1. •"<».» 

Thanks  are  due  t^.the  management  of  the  Louisville  an«l  Nashville,  the  Iron  M<mntain,  ami  the 
Southern  Pacific  railwa\s  for  free  transportation  of  men  and  material.s,  witlnmt  which,  in  the  face 
of  Slant  appropriations,  tiic  iimgress  «-onl«l  not  have  been  as  rajiid. 

Kegaiding  the  methods  used  in  analyzing  and  comparing  the  results  of  tests,  we  are  indebtecl 
to  Mr.  William  Kent,  c  K.,  for  valuable  suggestions.  The  idea  of  the  "average  quality"  is  his 
..wn.  Thi.s  to  be  sure,  dm-s  not  pretend  to  Xte  an  expression  of  actual  .piality,  but  serves  the 
useful  jiuriMise  of  a  jiniclicable  basis  for  arrangement  ot  material  for  coinparistui. 

On  the  whoh-.  the  nieth.Kls  of  handling  the  very  large  amniint  of  data  from  nnH-hanical  and 
physical  examinations  for  comparative  study  have  not  yet  been  fully  matund  and  determin.-.l  uik.ii. 

It  is  contemplat««I,  when  work  can  be  nsumed,  to  .-tiidy  as  a  separaU-  series  the  infiuen<  c  of 
various  melhcnlsof  MMs^.ning  ii|H.n  quality.  Invside^  exieii.ling  the  m.-ihanical  U-sts  to  a  number 
of  imjM.rtant  species  that  are  still  imiMrfectly  kn..«n  in  their  pn.perlus,  like  the  Ih.ughw*  si.ruce 
and  the  bal.l  cypre.vs.  The  work  will  progress  and  nsults  be  publishwl  iuTroitortion  to  the  funds 
«ppr«»priate«l  for  the  investigaticuiJ'.  r,.,.,-   «.• 


MECHANICAL  TESTS  MADE  AT  WASHINGTON  UNIVERSITY  TESTING  LABORATORY, 

.      ST.  LOUIS,  MO 

Written  by  Prof.  J.  B.  Johnsox  (rexrrinted  witli  corrections  from  Bulletin  6), 


SAWING,   STORING,   AND   SEASONING. 

On  arrival  of  tlie  logs  in  St.  Louis  they  were  sent  to  a  sawmill  and  cut  into  sticks,  as  shown 
in  Figs.  1  to  4. 

In  all  cases  the  arrangements  shown  in  Figs.  1  and  2  were  used,  except  when  a  detailed  study 
of  the  timber  in  all  parts  of  the  cross-section  of  the  log  was  intended.  A  few  of  the  most  perfect 
logs  of  each  species  were  cut  up  into  small  sticks,  as  shown  in  Figs.  3  and  4.  The  logs  tested  for 
determining  the  effects  of  extracting  the  turi)entine  from  the  Southern  pitch  pines  were  all  cut 
into  small  sticks. 

In  all  cases  a  "  small  stick"  is  nominally  4  inches  square,  but  when  dressed  down  for  testing 
may  be  as  small  as  3i  inches  square.  The  "large  sticks"  vary  from  6  by  12  to  8  by  10  inches  in 
cross-section. 

All  logs  varied  from  12  to  18  feet  in  length.  They  all  had  a  north  and  south  diametral  line, 
together 'with  the  number  of  the  tree  and  of  the  log  plainly  marked  on  their  larger  or  lower  ends. 
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The  stenciled  lines  for  sawing  were  adjusted  to  this  north  and  south  line,  as  shown  in  the  figures. 

Each  space  was  then  branded  by  dee]i  dies  with  three  numbers,  as  for  instance  thus:    -j,  Avhich 

signifies  that  this  stick  was  number  4,  in  log  2,  of  tree  25.     A  facsimile  of  the  stenciling  was  re 
corded  in  the  log  book,  and  the  sticks  there  numbered  to  correspond  with  the  numbering  on  the 
logs.     After  sawing,  each  stick  can  be  identified  and  its  exact  origin  determined.  .  These  three 
numbers,  then,  become  the  identification  marks  for  all  specimens  cut  from  this  stick,  and  they 
accompany  the  results  of  tests  in  all  the  records. 

After  sawing,  the  timbers  were  stored  in  the  laboratory  until  they  were  tested.  The  -'green 
tests"  were  made  usually  within  two  months  after  sawing,  while  the  "dry  tests"  were  made  at 
various  subsequent  times.  One  end  (60  inches)  of  each  small  stick  was  tested  green,  and  the 
other  end  reserved  and  tested  after  seasoning.    The  seasoning  was  hastened  in  some  cases  by 
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means  of  the  drying  box  shown  on  Plate  i.  The  temperature  of  the  inflowing  air  in  this  drying 
box  was  kept  at  about  1(K)  J  F.,  witli  suitable  pre(;autious  against  the  checking  of  the  wood,  and 
tiie  air  was  exhausted  by  means  of  a  fan.  The  air  was,  therefore,  somewhat  rarefied  in  the  box. 
The  temperature  was  at  all  tinu\s  under  control.  It  operated  when  the  fan  was  running,  and  this 
was  only  during  working  hours. 

.      THE    TKSTlXd   LABOIJATOKY. 

The  testing  lal)oratory  is  tiie  basement  story  of  the  gymnasium  building  of  Washington  T'ni- 
^|trsity.  Its  dimensions  are  71  by  40  feet,  with  one  corner  jiartitioned  oft",  as  shown  on  the  floor 
plan,  Phite  l.  The  net  area-  used  for  l;ib)ratory  purposes  is  2,500  square  feet.  All  the  apparatus 
suspended  from  the  ceiling,  as  sliafting,  steam  ])ipes,  exhaust  fan^  etc.,  is  shown  in  dotted  lines. 

The  a[)paratus  jxTtincnt  to  the  timber  tests  consi!;5ts  of  a  1,000,000  pound  column-testing 
machine;  one  100,000-i)ound  beam-testing  machine,  one  100,000-i)ound  universal  testing  machine, 
of  Kiehle's  "Harvard''  pattern;  one  small  portable  beam  machine,  one  6-horse  power  Brayton  coal- 
oil  engiue,  one  4-horse  power  steam  engine,  one  j>laner  and  one  lathe,  for  ironwork;  one  planer, 
one  band  sa-w,  and  one  cutting-ott' saw,  for  shaping  and  dressing  wood  specimens;  suitable  scales, 
drying  ovens,  etc.,  for  the  moisture  and  s])ecitic  gravity  tests;  the  drying  box  with  its  steam  coils 
and  exhaust  fan,  and  all  the  necessary  ap[)liaiices,  benches,  tools,  desks,  etc.,  including  a  Thatcher's 
slide  rule  for  making  the  computations.  The  timber  is  stored  in  various  i)arts  of  the  room  not 
otherwise  utilized.  The  broken  siiecimois  are  stored  in  the  inuseum  building  at  the  Missouri 
Botanical  Gardens. 

L)E8('liirTION    OF    TESTS. 
Tin:  cr<>s.s-l)rc(iki)Hj  tests. 

Large  heams. — The  large  beams  are  tested  on  the  large  beam-testing  machine  shown  on  Plate  il. 
The  base  of  this  machine  consists  of  two  long-leaf  }»ine  sticks  {Finns  pdhistris)  G  inches  by  18 
inches  by  L'l  feet  long,  with  a  steel  plate  three  fourths  of  an  inch  l)y  is  inches  by  20  feet  long,  all 
bolteil  up  as  one  beam.  The  j)()wer  is  applied  by  hydraulic  ]tressuri'  uixin  a  i»lunger  below,  to  the 
crosshead  of  which  aie  attached  the  two  side  screws,  on  which  the  ujiper  crosshead  is  moved  by 
sleeve  nuts  and  spur  gearing.  The  beam  to  l»e  tested  lests  on  pivots  at  the  ends,  placed  on  top 
of  the  base  beam,  and  tlie  upper  crosshead  is  moved  down  by  means  of  the  gearing  until  the  central 
]uvot  attached  to  it  comes  in  contact  with  tlu'  l)eam,  or  rather  with  the  distrilmtion  blocks  placed 
on  the  beam  at  this  ]»oint.  The  tet^t  then  begins,  tlu' power  originating  in  a  double-i)lunger  pump, 
operated  by  hand  or  by  steam  power  in  another  part  of  tlie  room. 

To  prevent  the  pivots  or  "'knife-edges"  from  crusliing  into  the  timber,  it  is  necessaiy  to  make 
the  contact  at  both  ends  and  center,  flrst  upon  a  cast-iron  i)late,  then  through  longer  wooden 
blocks  to  the  timber.  The  center  block  is  curved  somewhat  on  the  lower  side,  to  allow  for  a  con- 
siderable deflection  in  the  beam  when  nearing  its  maximum  load. 

In  the  tests  of  all  beams,  both  large  and  small,  the  load  is  put  on  at  the  sameuniform  rate,  so 
as  to  elinunate  the  time  ett'ect,  which  is  very  great  in  tind:)er  tests.  The  load  on  the  small  beams 
is  increased  at  such  a  rate  as  to  produce  an  increase  in  the  detlection  of  one-eighth  inch  per 
minute  without  any  ])a,use  until  I'upture  occurs.  This  causes  rux)turein  from  ten  to  iilleen  miuutes 
time.  The  load  is  read  oil  when  it  reaches  cei'tain  even  amounts,  and  an  observer  notes  the  cor- 
responding deilection  without  stopping  the  test.  The  time  required  for  the  large  beam  tests  is 
about  the  same,  the  defle(;tion  rate  being  grealer  wheu  the  total  deflection  is  expected  to  be 
greater,  as  is  the  case  with  4  by  S  inch  sticks  12  feet  long.  The  deflections  of  the  large  beams 
are  observed  u))on  a  ]iolished  inelallie  scale,  graduated  to  inches  and  tenths,  which  is  tacked  to 
one  side  of  the  stick  at  the  center.  A  line  thread  is  stretched,  by  nu'ans  nl'  a  rubber  band,  over 
nails  driveu  into  the  side  of  the  stick  above  the  end  supports  on  the  line  of  the  neutral  axis.  This 
■  string  or  thread  is  moved  about  an  inch  away  from  the  surface  of  the  timber,. and  all  parallax,  or 
error  of  reading  from  an  obli([ue  position  of 'the  eye,  is  avoided  by  keeping  the  eye  where  the 
tliread  and  its  image  in  the  nu^tallie  mirror  coincide  and  foi'm  one  and  the  same  line.  The  read- 
ings are  taken  to  inches  and  hundreilths  by  estimating  the  tenths  of  the  graTluation  spaces  ou  the 
scale. 
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The  loads  are  weighed  on  the  hirge  universal  testing  maehine  in  another  i)art  of  the  room. 
This  is  done  by  having  both  machines  connected  up  to  the  same  pump,  blocking  the  weighing 
machine  so  that  the-^oad  on  its  plnnger  is  transmitted  to  the  scales  and  weighing  beam,  and  then 
ptimping  into  both  machines.  The  plungers  are  of  exactly  the  same  diameter;  they  have  similar 
leather  cup  packing,  and  hence  the  error  of  this  method  is  simply  the  difference  in  the  friction  of 
the  two  plungers  in  their  packing  rings.  To  test  the  accuracy  of  this  method,  and  to  determine 
the  err(jr,  if  any,  at  any  time,  a  nest  of  calibrating  springs  (shown  on  Plate  li)  was  made  and  tested 
first  on  the  Emery  machine  at  the  United  States  Arsenal,  at  Watertown,  Mass.  The  loads  were 
found  which  corresponded  to  given  deflections,  or  in  other  words  the  stress  diagram  of  these 
springs  up  to  a  30,U00-poRnd  load,  wliicli  corresponds  to  a  little  more  than  one  inch  elastic  deflec- 
tion. By  repeating  this  test  on  the  100,Ui)0-pound  universal  or  weighing  machine,  and  tlien  on 
the  large  beam  machine,  and  plotting  the  stress  diagrams  obtained  from  each,  not  only  can  these 
machines  be  compared  with  each  other,  but  both  can  be  compared  or  calibrated  with  tlie  Emery 
machine  at  tlie  Watertown  Arsenal. 

In  Fig.  5  the  three  curves  corresponding  to  tlie  three  machines  are  given.  They  are  so  nearly 
coincident  that  it  is  shown  that  not  only  is  the  universal  l()0,000-pound  Eiehle  machine  correctly 


noHectiou  in  inches. 
Fig.  5. — vStaudardizing  tests  with  calibrating  siirings. 


graduated,  but  that  the  method  used  of  weighing  the  loads  on  the  beam  machine  by  means  of  the 
universal  machine  results  in  no  appreciable  error.    This  test  can  be  applied  at  any  time,  and  proof 
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readings  have  been  made  at  froqiient  intervals.  The  beam  machine  is  greatly  simplihed  by  thus 
dispensing-  with  all  attached  weighing  apparatus,  which  would  be  greatly  in  the  way  in  the 
handling  of  large  beams  sometimes  weighing  over  1,000  pounds. 

tSvKtIl  beams. — The  small  beams,  which  are  nominally  4  inches  squai'e  and  60  inches  long  be- 
tween supports,  are  te.sted  on  the  small  beam-testing  machines  (shown  on  Plate  lii).  This  machine 
was  designed  originally  for  testing  cast-iron  beams,  the  load  at  one  end  or  one-half  the  load  at 
the  center  being  weighed  on  a  pair  of  ordinary  platform  scales.  The  deflections  are  read  off  to 
thousandths  of  an  inch  upon  a  micrometer  screw  held  in  the  top  iron  crossbeam.  By  this  means 
a  rigid  connection  is  obtained,  througli  parts  not  under  stress,  from  the  end  supports  to  the  center 
bearings.  The  movement  of  the  center  witli  reference,  to  the  ends  is  therefore  obtained,  regardless 
of  the  absolute  movements  of  the  parts.  The  load  is  put  on  by  the  hand  wheel  and  power  screw, 
and  the  weighing  1)eam  kept  in  balance  by  putting  on  overweights  and  moving  the  poise.  Three 
men  are  required  to  make  this  test.  One  moves  the  power  screw,  which  has  one-forthinch  pitch, 
so  as  to  make  one  revolution  every  two  minutes,  and  he  continues  this  uniform  motion  till  rup- 
tuie  occurs.  Another  keeps  the  scales  balanced  and  calls  oft'  the  even  hundreds  of  pounds. 
Another  keeps  the  micrometer  screw  in  contact  with  the  head  of  the  power  screw,  reads  it  for  cer- 
tain even  liundred-])Oixnd  loads  called  off,  and  records  the  time  of  each  such  reading  to  the  nearest 
minute,  the  load,  and  tlie  corresponding  reading  of  the  micrometer  screw.  Here  also  the  end  and 
center  bearings  are  pi'otected  by  iron  jtlates  large  enough  to  prevent  any  appreciable  distortion 
from  lateral  compression.* 

After  rupture  occurs  the  stick  is  bored  for  samples  fi'om  which  to  obtain  the  moisture  tests 
and  the  uninjured  ends  are  sawed  oft'  and  used  for  the  remaining  tests,  as  described  below. 

The  moisture  test  A 

The  borings  are  taken  from  two  holes,  20  inches  from  each  end  and  at  about  one-third  the 
width  of  the  stick  from  either  side.  These  borings  are  first  weighed  on  a  delicate -balance,  then 
placed  in  a  drying  oven,  at  a  temperature  of  212°  F.,  iintil  they  have,  i  cached  a  nearly  constant 
weight,  when  they  are  reweighed.  The  dry  weight  is  taken  as  the  basis  on  which  to  compute 
the  xiercentage  of  moisture.  Thus,  if  the  original  weight  is  twice  the  tinal  weight,  then  there 
was  as  much  water  as  woody  tiber  iu  the  stick,  or  one-half  or  50  jier  cent  of  the  original  weight 
was  water.  But  when  computed  on  the  basis  of  the  dry  weight  there  would  be  100  per  cent  of 
water.  The  advantage  of  cominithig  the  percentage  on  the  dry  weight  is  that  it  furnishes  a  con- 
stant basis  of  comparison,  whereas  if  computed  on  the  actual  or  wet  weight  the  basis  on  which  the 
percentage  would  be  computed  Avould  vary  with  every  change  in  the  auKmnt  of  moisture. 

The  specific  gr<trity. 

The  specific  gravity  is  found  by  taking  one  of  the  end  pieces,  usually  4  by  4  by  8  inches, 
measuring  carefully  its  lateral  dimensions  by  calipering  them  at  the  middle  ])oints  of  the  sides 
at  the  central  section,  measuring  the  length  in  a  similar  manner,  and  taking  the  product  of  these 
three  dimensions  as  the  volume.  From  the  total  volume  and  tlie  actual  total  weight,  the  weight 
l»er  unit  volume  or  per  cubic  foot  is  found,  and  from  this  the  specific  gravity,  Avhich  is  the  weight 
per  cubic  foot  divided  by  the  weight  of  a  cubic  foot  of  distilled  water.  It  must  be  understood 
that  all  the  small  (4  Ijy  4  inch)  beams  are  planed  uj)  true  and  rectangular  before  testing  and 
that  all  the  crosscuts  are  nmde  by  i)ower  saw  so  adjusted  as  to  cut  truly  at  right  angles  to  tlie 
sides.  The  volume  can  therefore  l)e  very  accurately  computed  from  the  dimensions  as  above 
described. 


*  Since  December  1, 1892,  all  tests  made  on  this  small  macbine  are  arranged  with  two  center  hearings,  12  inches 
apart,  on  sticks  72  inches  long. 

t  The  percentage  of  moisture  is  now  found  by  sawing  oft'  a  thin  section  <if  tlie  cutire  stick  and  using  it  in  place 
of  the  borings. 


The  tension  test. 

The  tension  testj)iece  is  cut  from  one  end  oftlie  broken  beam.  It  is  16  inches  long,  2J  inches 
wide,  and  IJ  inches  thick.  Its  tliickness  at  the  center  is  reduced  by  cutting  out  with  a  band  saw 
circular  segments,  leaving  a  breaking  section  of  some  2^  inches  by  three-eighths  inch.  This 
specimen  is  then  placed  between  the  plane  wedge-shaped  steel  grips  and  pulled,  the  same  as  a 
bar  of  iron  in  the  CTiiversal  Machine  (shown  on  Plate  iv).  This  simple  method  has  been  found 
very  satisfactory  in  practice  and  is  fully  illustrated  on  Plate  v.  For  this  test  care  is  taken  to  cut 
the  specimen  as  nearly  parallel  to  the  grain  of  the  wood  as  possible,  so  that  its  failure  will  occur 
in  a  condition  of  pure  tension. 

The  endtcise  compression  test. 

Most  of  these  tests  ai-e  made  on  sticks  4  inches  square  by  8  inches  long,  the  ends  having  been 
cut  perfectly  true  and  at  right  angles  to  the  sides.  They  are  tested  in  the  Universal  Machine, 
the  compression  contiauing  until  the  stick  has  been  visibly  crushed  and  has  passed  its  maximum 
load.  The  crushing  usually  manifests  itself  over  a  plane  section,  by  crushing  down  or  bending 
over  all  the  fibers  at  this  section,  which  may  be  either  a  right  or  an  oblique  section.  The  section 
of  failure,  however,  is  seldem  at  the  very  end.  The  slightest  source  of  weakness  may  determine 
its  position,  as  a  very  small  knot  for  exarai^le,  for  knots  are  a  source  of  weakness,  in  compression 
as  well  as  in  tension. 

Some  tests  are  made  on  columns  40  inches  long  by  4  inches  square  on  the  large  beam  machine, 
but  these  usually  fail  tlie  same  as  the  short  blocks,  and  not  by  bending  sidewise. 

Compression  across  the  ^rain. 

Specimens  4  inches  square  and  6  inches  long  are  tested  in  compression  across  the  grain.  An 
arbitrary  limit  of  distortion,  namely  3  per  cent  of  the  height,  has  been  chosen  as  a  reasonable 
maximum  allowable  distortion  in  practice.  This  limit  is  indicated  in  the  test  by  the  ringing  of  an 
electric  bell  and  the  load  then  on  the  specimen  is  called  the  compressive  strength  across  the  grain. 
The  test  is  then  continned  until  the  distortion  has  reached  15  per  cent  of  its  height,  and  both 
results  are  given  in  the  records. 


to* 


The  shearing  tests. 

Since  timber  fails  by  shearing  or  splitting  ofteiier  than  any  other  way,  this  test  becomes  a 
very  important  one.  The  specimen  is  taken  2  inches  square  and  8  inches  long,  and  rectangular 
holes  mortised  1  inch  from  each  end  and  at  right  angles  to  each  other,  as  shown  on  Plate  v. 
The  specimen  is  then  pulled,  in  the  Universal  Machine,  by  means  of  suitable  stirrups  and  keys, 
as  shown  in  the  plate.  The  ends  are  kept  from  spreading  or  splitting  by  imtting  on  small 
clamps,  with  just  enough' initial  stress  in  them  to  hold  tliem  in  place.  After  one  end  shears  out 
two  auxiliary  hoops  or  stirrui^s  are  used  to  connect  the  key  which  sheared  out  to  a  pin  put 
through  the  hole  at  the  center  of  the  specimen,  as  shown.  The  other  end  is  then  sheared,  and  two 
results  are  obtained  on  planes  at  right  angles  to  each  other.  In  this  way  the  shearing  strength 
is  determined  on  two  planes  at  right  angles  to  each  other. 

Test  of  full-sized  columns. 

No  set  of  experimental  tests  of  timber  would  be  complete  without  numerous  tests  on  full- 
sked  columns.  This  requires  a  machine  of  not  less  than  1,000,000  pounds  cai^acity,  capable  of 
crushing  to  failur<i  columns  from  12  to  14  inches  square  and  at  least  30  feet  long.  Such  a  machine 
has  been  built  expressly  for  this  work  and  is  shown  on  Plate  vi.  It  is  capable  of  exerting  a  com- 
pressive force  of  1,000,0.00  pounds  on  a  length  of  30  feet  or  less.  The  sides  or  tension  members  of 
this  machine  are  made  of  four  long-leaf  yellow  pine  sticks  {Pinus  palnstrus),  from  Georgia,  each  8 
by  12  inches  and  45  feet  long.     The  power  is  applied  by  the  same  hydraulic  pumj),  which  operates 
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botli  the  large  beam  macliiue  and  tlie  100,000-iK)uiid  universal  maeliine.  The  loads  are  weighed 
on  this  latter  machine  the  same  as  for  the  beam  tests.  TJie  plunger  in  the  column  machiue 
has  just  ten  times  the  area  of  that  in  the  Aveighing  machine,  and  hence  the  loads  in  the  column 
tests  are  just  ten  times  those  indicated  on  the  weighing  beam.  The  tail  block  is  of  cast  iron,  rest- 
ing in  a  spherical  socket,  Avhich  is  carried  on  a  car  and  wliich  can  be  held  by  struts  resting  in  slots 
in  the  timber.  The  outer  ends  of  these  struts  are  kei)t  from  spreading  bj' means  of  tiebars,  as 
shown,  and  the  whole  combination  can  be  moved  forward  or  back,  so  as  to  inalvc  the  distance  be- 
tween face  plates  any  even  number  of  feet  from  two  to  thirty-six.  The  spherical  s  )cket  in  the  tail 
block  will  produce  an  accurate  adjustment  of  tlie  end  bearings  at  the  beginning  of  the  test,  but 
after  the  load  is  on  it  is  tliought  tliat  this  joint  will  remain  rigid,  the  same  as  a  solid  block,  esi)e- 
cially  if  precautions  are  taken  to  increase  the  frictional  resistance  between  these  bearing  surfaces. 
This  spherical  socket  is  jirovided  to  eliminate  the  effects  of  unequal  shrinkage  in  the  side  timbers 
or  any  unequal  compression  in  the  bearing  sockets,  and  not  t(5  serve  as  a  round-end  bearing  for 
the  column.  Wlien  long  columns  are  tested  a  ])art  of  tlieir  weight  will  be  supported  by  means  of 
lines  and  pulleys,  so  as  to  make  the  test  correspond  to  a  verticalload  inuctual  i)ractice.  No  tests 
of  columns  on  long-leaf  yellow  i)ine  have  been  made  on  this  machine  at  tlie  time  of  the  publication 
of  this  bulletin. 

tUgnificanee  of.  results. 

From  the  cross-breaking  tests  are  obtained  the  cross-breaking  modulus  of  laipture,  the  modulus 
of  strength  at  the  elastic  limit,  the  modulus  of  elasticity,  or  measure  of  the  stilfness,  and  the  elas- 
tic resilience,  or  measure  of  the  toughness. 

The  loads  and  their  corresiionding  deflections  are  idotted  as  rectangular  coordinates,  and  the 
strength  at  the  elastic  limit,  the  m(jdulus  of  elasticity,  and  tlie  elastic  resilience  are  obtained  from 
a  study  of  this  strain  diagram. 

The  following  is  an  example  of  the  record  made  for  evei'y  beam  test.  This  is  a  record  of  a  test 
made  on  a  4  x  8  inch  stick  of  longdeaf  i)ine,  12  feet  long,  Avhich  was  placed  on  supports  140  inches 
apart. 

CROSS-BREAKING  TEST. 


(IG 
Mark   /3 

Length,  140.0  inclies. 
Ileigbt,  S.()4  iuf.lies. 
Breadth,  4.02  inches. 


Modulus  of  Ruptures. 
3W1 

■where  /  ^ ^10,910  pounds  per  square  iuch. 

2  7(  h  ■ 
Modulus  of  Strength  at  tlie  Elastic 
■   3W'l 
Liniit=/^ ^-^8.1(10  pounds  per  square  incli. 

Modulus  of  Elasticity  ^2,070.000  pounds  per  square  inch. 
Tot.al  Resilience ^^o."), 440  inch  pounds. 
Resilience,  per  cub.  iuch  =  7.83  inch-pounds. 
Total  Elastic  Resilience  =8, (ioO  inch-pounds. 
Elastic  Resilience,  jier  culjic  inch^l.91  inch-pounds. 

[Number  ofaunual  rhigs  per  inch^li.] 


Anuust 
27,  is91. 

Load. 

UcHection. 

h.   m. 

1    r.8 

],ono 

0. 17 

511 

2,  O.)0 

0.  34 

51) 

3,  (100 

0.  .50 

2     UU 

4.  000 

0.  00 

m 

5,  000 

0.  K2 

01 

0,000 

0.  9fi 

02 

7,  000 

1.13 

02 

8,  000 

1.27 

03 

9,  000 

1.46 

03 

10,  000 

1.  «5 

OJ 

1 1 , 000 

1 .  93 

o:. 

12,  000 

2.  27 

07 

13.000 

2.85 

09 

13,  50C 

3,85 

Scale 
re.aiUiis 


11.  02 
11.19 
11.35 
11.51 
11.07 
11.81 
11.98 
12. 12 
12.31 
12.50 
12.78 
13.12 
13.  70 
14.70 


Rfiii.art.s. 


Butt  end. 


ilaxinmin  InacL 


Toil  eucl. 


The  observed  data  are  given  in  the  columns  headed ''Time,"  "  Load,"  and  "Scale  reading." 
These  results  are  recorded  on  this  sheet  in  ink  as  they  are  observed,     The'result  in  the  "  Detiec- 
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Fig.  6. — Deterniiuation  of  relative  elastic  resilience. 

tion"  eolunin  is  computed  from  the  .scale  readiug.  It  is  placed  next  to  the  columit  of  "  Loads"  for 
convenience  in  plotting  the  strain  diagram,  which  is  done  on  the  ruled  squares  at  the  bottom  ot 
each  sheet.  These  plotted  results  fall  in  all  cases  on  a  true  curve,  similar  to  the  one  shown  above. 
The  total  area  of  this  curve  0.  7).  B.,  properly  evaluated  by  the  scales  used,  represents  the  total 
number  of  foot-pounds  or  inch-pounds  of  work  done  upon  the  stick  before  rupture  occurred.  This 
is  called  the  Total  Cross-breaking  Resilience  of  the  stick,  and  when  divided  by  the  volume  of  the 
stick  in  cubic  inches  it  gives  approximately  the  total  cross-breaking  resilience  of  the  stick  in  inch- 
pounds  per  cubic  inch  of  timber,  (Fig.  6.) 

A  better  criterion  of  toughness,  or  resistance  to  shock,  is  some  definite  portion  of  this  strain 
diagram  area,  as  0  P  K,  for  example.  This  amount  of  resilience  or  spring  can  be  used  over  and 
over  again,  and  is  a  true  measure  of  the  toughness  of  the  timber  as  a  working  quality.  To  locate 
the  point  P,  the  following  arbitrary  rule  has  been  folloM-ed. 

Dra^'  a  tangent  to  the  curve  at  the  origin,  as  0  A.  Lay  off  A  G=iB  A  and  draw  O  C. 
Draw  VI  n  parallel  to  0  C  and  tangent  to  the  curve.  Take  the  point  of  tangency  as  the  point  P 
and  draw  P  K.     The  area  OP  Kis  then  called  the  Relative  Elastic  Resilience* 

There  is  no  '^ elastic  limit "  in  timber  as  there  is  in  rolled  metals.  •  In  this  respect  it  is  like  cast 
iron.  The  point  P  is  the  point  where  the  rate  of  deflection  is  50  per  cent  more  than  it  is  at  first, 
and  usually  falls  on  that  part  of  the  curve  where  it  begins  to  change  rapidly  into  a  horizontal 
direction  or  where  the  deflection  begins  to  increase  rapidly.  The  areas  of  these  curves  are  meas- 
ured AYith  a  planimeter  and  reduced  to  inch-pounds.  Thus,  if  1  inch  vertically  represents  5,000 
paunds  and  1  inch  horizontally  represents  1  inch  deflection,  then  1  square  inch  represents  5,000  x 
1=5,000  inch-pounds.  If  the  area  O  P  K  is  1.73  square  inches,  then  the  corresponding  resilience 
is  8,650  inch-pounds.  This  means  that  a  weight  of  100  pounds,  falling  86.5  inches,  or  1,000  pounds 
tailing  8.05  inches,  would  have  strained  the  beam  up  to  the  point  P  or  it  would  have  deflected  it 
1.06  inches,  and  the  beam  would  have  been  then  resisting  Avith  a  force  of  10,000  pounds,  since  P 
falls  on  the  10,000-pound,  line.     If  this  result— 8,650  inch-ponnds— be  divided  by  the  number  of 

"  This  term  has  been  coined  to  define  this  particular  portion  of  the  resilience  which  will  be  used  for  comparing 
the  relative  elasticity  or  toughness  of  different  timbers. 
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cubic  inches  in  the  stick  between  end  bearings,  the  result  is  the  true  Relative  Resilience  in  Cross- 
breahiiHi  in  inch-pounds  per  cubic  inch.  This  result  is  independent  of  the  dimensions  of  the  test 
specimen  and  is  therefore  a  true  measure  of  the  quality  of  timber  -ohich  is  usually  known  as 
toughness.  It  depends,  as  toughness  in  the  usual  understanding  does,  on  both  the  strength  and 
the  deflection;  in  fact,  it  is  very  nearly  the  half  product  of  the  strength  developed  and  the  detiec 
tion  produced  at  this  particular  point  P.  It  is  probably  the  nearest  quantitative  measure  of  the 
toughness  tliat  can  be  arrived  at. 

The  onodnhis  of  rupture  is  computed  by  the  ordinary  formula — 

^~3hK'-  ...     (J) 

where /=modulus  of  rupture  in  pounds  per  square  inch, 
lF=load  at  center  in  ])0unds, 
i=length  of  beam  in  inches, 

J=breadth  of  beam  in  inches,  ... 

7t=height  of  beam  in  inches. 
In  green  timber,  where  tlie  crushing  strength  is  greatly  reduced  by  the  presence  of  the  sap, 
the  crushing  resistance  is  only  about  one-third  as  much  as  the  resistance  to  tension,  so  that  the 
stick  invariably  begins  to  fail  on  the  compression  side.  This  causes  the  neutral  plane  or  plane  of 
no  stress  to  be  lowered,  and  at  the  time  of  final  rnptnre  tliis  plane  may  be  from  one-fourth  to  one- 
sixth  the  deptli  from  the  bottom  side  of  the  beam.  Tlic  value  of/ computed  by  this  formula  from 
a  cross-breaking  test,  therefore,  will  always  be  intermediate  between  the  crushing  strength  and 
the  strength  in  tension.  Thus  the  crushing  strength  of  a  given  stick  was  found  to  be  5,820  pounds 
l^er  square  inch,  while  the  tensile  strength  was  15,7.S0  pounds;  the  cross-breaking  strength  was 
found  by  this  test  to  be  10,000  pounds. 

The  modulus  of  strength  at  the  elastic  limit  is  found  in  the  same  manner  as  the  above,  except 
that  fol"  breaking  load  is  taken  the  load  at  tlie  point  P,  described  above,  this  being  called  the 
"elastic  limit,"  althongli  strictly  speaking  timber  is  not  perfectly  elastic  for  any  load  if  left  on  any 
great  length  of  time. 

The  moihiluH  of  elasticiti/  is  computed  from  the  formula — 

j,_    WP   _      WF     _W     P  ,.. 

48  D I    4Dh  ¥     D-4h¥  .     .     .     .     k  j 

where  E  =  modulus  of  elasticity, 

.^,^ .  TF,  /,  ft,  and  /(.  as  in  eq.  il)       "  . 

J)  =  deflection  of  beam.  '   .    ■      ' 

I  =  nnnnent  of  inertia  of  the  cross-section  =  .^h  IP  for  rectangular  sections. 
To  nnd  this  modulus,  a  tangent  line  is  drawn  to  the  strain  diagram  at  its  origin,  as  0  A,  and 
the  coordinates  of  any  point  on  this  line  used  as  the  IF  and  1>  from  which  to  compute  E. 

The  modulus  is  thus  seen  to  vary  directly  as  the  load  and  inversely  as  the  deflection ;  hence  it 
is  a  true  measure  of  the  stifl'ness  of  the  material.  It  is  the  most  constant  and  reliable  property  ot 
all  kinds  of  engineering  materials*  and  is  a  necessary  means  of  computing  all  deflections  or  dis- 
tortions under  loads. 

In  using  the  modulus  of  elasticity  of  timber  for  computing  deflections,  it  must  be  remembered 
that  in  this  case  the  time  effect  is  very  great  (it  is  nearly  zero  in  metals)  and  that  this  factor  can 
only  be  used  to  compute  the  deHection  for  tenq^trary  loads.  The  deflection  of  floor  or  roof  timbers, 
for  instance,  under  constant  loads  is  a  very  difl'ereiit  matter,  as  it  increases  with  time. 

BAUSCHINGEE'S   RELATIONS.  .  ' 

Relation  between  strength  and  stiffness. 

In  Fig.  7  is  shown  the  relation  found  by  Professor  Bauschingerf  between  the  modulns  of 
elasticity  (stiffness)  and  the  cross  breaking  strength,  from  tests  on  pine,  larch,  and  flr  timber. 
Although  the  results  show  a  wide  range,  there  is  evidently  a  general  relation  between  these  two 

*  The  wide  range  of  values  of  the  luoduhis  of  elasticity  of  the  various  metals,  found  in  public  records  of  tests, 
must  he  explained  by  erroneous  methods  of  testing.      _  ^ 

t  See  PI.  II,  vol.  16,  of  Professor  Bauschinger's  Kenorts  of  Testes  made  at  Government  Testing  Laboratory  at 
Munich. 
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quantities,  i»s  indicated  by  the  straight  line  drawn  tlirongh  the  plotted  points.  The  algebraic 
expression  of  the  law  shown  by  this  line,  rendered  into  pounds  i)er  square  inch,  is,  in  round 
numbers —  *■ 

Cross-breaking  strength  =  0.0045  Modulus  of  Elasticity  +  450.  (3) 

If  it  should  be  found  that  there  is  such  a  law  for  all  kinds  of  timber,  then  there  may  be  derived 
an  equation  of  this  form,  but  with  different  constants,  for  each  species. 

Relation  beticeen-strength  and  weight. 

In  Fig.  8  is  shown  the  relation  between  the  crushing  strength  and  the  specific  gravity,  when 
both  are  reduced  to  the  standard  percentage  of  moisture,  which  was  taken  at  15  per  cent. 

These  results  are  also  taken  from  Professor  Bauschinger's  pubbshed  records  of  tests  on  pine, 
larch,  and  fir  timbers,  and  they  conclusively  show  that  the  greater  the  weight  the  greater  the 
strength  of  the  timber.  The  law  here  is  a  well  defined  one,  so  far  as  these  timbers  are  concerned. 
When  rendered  into  English  units  (pounds  per  sq.  in.),  the  equation  of  this  line  is:      ' 

Crushing  strength  =  13800  specific  gravity  —  900.  (4) 

when  the  timber  contains  but  15  per  cent  of  moisture.  This  equation  would  also  vary  in  its  con- 
stants for  each  species  of  timber. 

•Relation  between  the  compressive  strength  and  the  percentage  of  moisture. 

In  Fig.  9  are  plotted  some  very  C9;refiil  tests  by  Prof.  Bauschinger  to  show  the  relation 
between  the  percentage  of  moisture  and  the  crushing  strength. 

There  is  no  question  but  the  crushing  and  the  shearing;  strength  are  both  greatly  reduced  by 
moisture.  The  crushing  test  also  gives  a  very  fair  indication  of  the  strength  of  the  timber  in  all 
other  ways.  In  this  instance  four  sticks  were  taken  and  sections  tested  first  green,  or  having  an 
average  of  37  per  cent  of  moisture  when  computed  on  the  wet  weight,  ot  59  per  cent  of  moisture 
when  computed  on  the  dry  weight,  as  is  the  i)ractice  in  the  tests  made  by  this  Department.  The 
sticks  were  then  dried  until  there  was  an  average  of  14.0  i:)er  cent  moisture  on  the  wet  weight,  or 
17  per  cent  of  the  dry  weight.  The  remaining  portions  of  the  sticks  were  further  seasoned  until 
there  remained  but  8.2  per  cent  moisture  computed  on  the  wet  weight,  or  9  per  cent  moisture  on 
the  dry  weight,  and'  then  tested.  This  is  a  smaller  i)ereentage  of  moistare  than  out-door  lumber 
ever  reaches,  as  the  ordinary  humidity  of  the  external  air  will  usually  maintain  at  least  10  per 
cent  of  moisture  in  all  kinds  of  timber. 

When  these  three  groups  of  results  are  plotted,  and  the  most  probable  curve  drawn  through 
them,  there  is  seen  to  be  a  remarkable  increase  in  the  crushing  strength  when  the  percentage  of 
moisture  falls  below  fifteen  or  twenty.  The  variation  in  strength  above  that  limit  is  very  small. 
Prof.  Bauschinger  has  ijublished  a  great  many  such  curves,  all  showing  the  same  general  law. 
This  curve  illustrates  the  necessity  for  finding  the  percentage  of  moisture  for  every  test  of  strength 
made. 

Prof.  Bauschinger'  has  published  very  few  tests  showing  the  relations  between  the  cross- 
breaking  strength  and  the  moisture,  but  Fig.  10 is  a  reproduction  of  such  results  as  he  has  given. 
When  the  percentage  of  moisture  sinks  as  low  as  10  there  appears  a  wide  variation  of  strength, 
not  satisfactorily  explained.  There  would  seem  to  be  a  law  of  dependence,  however,  but  less 
marked  than  in  the  case  of  compressive  strength. 

Relation  between  specific  gravity  and  moisture. 

In  Fig.  9  the  '' specific-gravity"  curve  shows  the  relation  between  the  specific  gravity  and  the 
percentage  of  moisture.  At  first  the  specific  gravity  diminishes  rapidly  as  the  percentage  of 
moisture  is  reduced,  but  when  tliis  has  been  reduced  to  15  i)er  cent  the  specific  gravity  changes 
very  little  for  any  further  reduction  in  moisture.  This  shows  that  the  shrinkage  is  iusignificant 
until  the  timber  becomes  nearly  dry,  when  it  swells  and  shrinks  almost  directly  with  the  percent- 
age of  moisture,  so  that  the  weight  of  a  unit  volume,  which  is  a  measure  of  the  si^ecific  gravity, 
remains  nearly  constantr  This  curve  is  also  only  one  of  a  great  many  similar  ones  given  by  Prof. 
Bauschinger. 
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THE  LONG-LEAF  PINE. 

{Pinii.s  palustris  Mill.) 

BRIEF  ACCOUNT  OF  THE  SPECIES— ITS  BUTAKICAL  AND  TECHNICAL  CHAEACTEEISTICS  AND  DISTBIBrTION. 

[Ke.priut,  with  :ul(litioiis,  froiu  Annual  Kt'inut  of  the  Cbief  of  the  Division  of  Forestry  for  1891.] 


There  are  iu  tlie  Soiitheni  Atlantic  aiid  Gulf  States  ten  species  of  pine  which  are  or  can  be  cut 
into  lumber.  Two  of  these,  the  white  pine  (rinm  Strohnfi  L.)  and  the  pitch-pine,  also  called  yellow 
or  black  pine  (Pm».s'  rigida  Mill.)  occur  only  in  small  bodies  on  the  Allegheny  Mountaifis  from 
Virginia  down  to  northern  Georgia,  being  rather  Northern  pines.  Three,  the  Jersey  or  scrub- 
pine,  occasimally  also  called  sliortleaf  or  spruce-pine  {Pimis  mrginiana  Mill.)  along  the  coast  to 
South  Carolina;  the  sand,  scrub,  or  spruce-pine  \Plnns  dausa  (Engelm.)  Sarg.],  found  in  a  few 
localities  in  Florida,  and  the  pond,  also  called  loblolly  or  Savannah  pine  {Pinns  scroHna  Mx.)  along 
the  coast  from  Korth  Carolina  down  to  Floiitla,  occur  either  so  sparingly  that  they  do  not  cut  any 
figure  on  the  lumber  market  or  do  not  often  produce  sizable  trees  for  sawlogs. 

There  remain,  then,  five  distinctly  Southern  species  which  are  actually  cut  for  lumber;  one  of 
these,  the  spruce-x)ine,  also  called  cedar  pine  or  white  pine  [Pimts  glahra  Walt.),  probably  does 
not  reach  the  market  except  by  accident.  But  the  other  four  may  be  found  now  in  all  the  leading- 
markets  of  the  East. 

There  exists  considerable  confusion  among  architects,  builders,  engineers,  as  well  as  dealers  ' 
in  lumber  and  lumbermen  themselves,  as  to  the  identity  of  these  s^jecies  and  their  lumber. 

The  confusion  arises  mainly  from  an  indiscriminate  use  of  local  names  and  from  ignorance  as 
to  the  diflerences  in  characteristics  of  their  lumber  as  well  as  the  difficulty  in  describing  these. 
Besides  the  names  used  in  designating  difterent  species,  there  are  names  used  by  lumbermen  to 
designate  diflerences  of  quality  iu  the  same  species  and,  in  addition,  names  used  in  the  markets 
without  good  distinction,  until  it  becomes  almost  impossible  to  unravel  the  multiplicity  of  desig- 
nations and  define  their  meaning.  Architects  are  apt  to  specify  "Southern  pine,"  not  knowing 
that  the  greatest  range  of  ([ualities  can  be  supplied  under  that  name;  or  refuse  to  accept  "Texas" 
or  "North  Carolina  june"  for  '-Georgia  ijine,"  although  the  same  pine  and  quality  can  be  furnished 
from  either  State.  Dealers  handle  "long-leaf  pine"  from  Arkansas,  where  the  tinjber  that  is 
understood  by  that  name  never  grew.     Millmen  fill  their  orders  for  this  pine,  either  overlooking  J 

diflerences  or  withotit  knowing  them. 

The  table  (page  lo)  of  common  names,  which  have  been  found  applied  to  the  four  species  fur- 
nishing Southern  pine  lumber,  will  most  readily  exhibit  the  difficulty  arising  from  misapprehen- 
sion of  names.  These  names  are  used  in  the  various  markets  and  iu  various  localities  in  the  home 
of  the  trees.  Where  possible  the  locality  in  which  the  name  is  used  has  been  placed  in  brackets 
by  the  side  of  the  name. 

MARKET   NAMES. 

The  various  names  under  which  Southern  jiine  lumber  aijpears  in  the  market  are  either 
general  or  specific;  the  former  being  more  or  less  general  in  application  to  lumber  manufactured 
in  the  South,  without  reference  to  special  localities,  the  latter  referring  to  special  localities  from  ■ 
which  the  lumber  is  actually  or  presumably  derived.     In  regard  to  the  latter  class  of  names  it  is 
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Names  of  Southern  lumber  pines  in  itse. 


f 

PinMSCM&«j».si.v  Grieaehach. 

Finns  echinata  Miller. 
Syn.  Fimis  initis  Michx. 

Botanical  names. 

Finus  palustiis  Miller. 
Syn.  P.  australis  Michx. 

Syn.  I'iiius  'luila  var.  Iict- 
erophi/lla  EU. 
P.  Elliolii  Engelm. 
P.  cubeiuii  var.  tor- 
throcarpa  Wright. 

FiiniK  VI ri/ltiiatia  var. 
ichihaia  Du  Koi. 

F.  Tceila  var.  variabi- 
lis Alton. 

F.  vaiiabilis  Lamb. 

F.  rigida  I'orcher. 

Finus  Tmda  Linn. 

Syn.  Finus  Tceda  var.  ten- 
uifolia  Ailon. 

Tost  common  iiamoi. 

Long-leaf  pine; 

COBAN  PINE: 

Short-leaf  pine: 

Loblolly  pine: 

Lfical,  ninrkBt.  and  lum- 

Southern  yellow  pine. 

Slash-pine  (Ga-.l^la.). 

Yellow  pine  (N.  C,  Va.). 

Slash-pine    (Ta.,  N".  C), 

uui-uuu'd  naiijo. 

Southern  hard  pine. 

Swamp   pine  (Fla.   and 

Short-leaved  yellow  pine. 

in  part. 

Southern  heart-pine. 

Ala.),  in  part. 

Short-leaved  pine. 

Loblolly-pine    (Gulf   Ke- 

Southern  pitch-jiine. 

B.aslaril  pine  (Fla.,  Ala.). 

Virginia  yellow  pine  (in 

gion). 
Old-fleld  pine  (Gulf   Ee- 

Hard  pine  (Miss.,  La.). 

Meaihiw  pine   (Fla.,  E. 

part). 

Ilcart  pine  (N.   C.   and 

Miss.),  m  )>art. 

Korth     Carolina     yellow 

gion). 

So.  Atlantic). 

She  piLch-piuu  (Ga.). 

l)ine  (in  part). 

Eosem.arv  -  pine    (S.    C., 

Pitch-pine  (Atlantic). 

North   Carolina  pine   (in 

Va.). 

Lonp-leaved  yellow  pino 

, 

part). 

Short-leaved  pine  (Va.,  N. 

(Atlantic). 

Carolina  pine  (in  part). 

C.,S.  C). 

Long -leaved  pino  (At- 

Slash-pino (N.  CVa.),  in 

Bull-pine  (Texas  and  Gulf 

lantic). 

X>art. 

Kegion). 

Ijong-leaved  pitcli-piuo 

Gld-field  pine  (Ala., Miss.). 

Virginia  pine. 

(Atl.antic). 

]!ull-pine(?). 

Sap-pine  (Va.,N.  C). 

Long -straw  pine  (At- 

Spruce-piuo.  ' 

Meadow  ])ine  (Fla.). 

lantic)  . 

Cornstalk  pine  (Va.). 

North    Carolina   i)itch- 

Black  pine  (Va.). 

pine. 

Fox-tail  pine  (Va.,  Md.). 

(;cort;iii  yellow  pine. 

Indian  pino  fVa.,  N.  C). 

Ceciriiia  )iine. 

Spruci^-pine  (Va.),  in  part. 

• 

(ieoigia  l.eart-pine. 

Bastard  pine  (Va.,  K.  C). 

Georgia  long -leaved 

Yellow  pine  (No.  Ala.,  N. 

pine. 

C). 

Georgia  pitch-pine. 

■ 

Swamp  pine  (Va.,  N.  C.). 

Florida  yellow  i)iue. 

L(uig-straw  pine  (Va.,  N. 

Florida  i)ino. 

- 

■C),  in  jjart. 

Florida  long-leaved  pino. 

^ 

Te.vas  yellow  pine. 

Texas  long-leaved  pino. 

- 

to  be  regretted,  perhaps,  that  they  have  been  found  necessary,  the  more  because  through  their 
use  not  a  few  niisconceptious  and  diOiculties  have  arisen  between  consumers,  manufacturers,  and 
wholesale  dealers,  owing  to  the  difficulty  in  defining  what  tree  species  furnish  lumber  included 
by  such  name  or  names. 

The  uninitiated  may  not  understand  that  the  various  kinds  of  pine  lumber  manufactured  in 
different  States,  although  called  by  a  specific  name,  may,  after  all,  be  of  the  same  si^ecies  and  the 
same  in  all  respects.'  "Florida  long-leaved  yellow  pine"  or  "Florida  june,"  is  in  no  way  different 
from  that  cut  and  manufactured  in  Georgia  under  the  distinctive  name  of  "Georgia  long-leaved 
yellow  pine,"  or  "  Georgia  pine."  The  question  as  to  any  difference  of  quality  dependent  upon 
locality  of  growth  is  as  yet  undecided. 

The  market  names  given  to  the  various  pines,  uncertain  as  to  their  precise  application  in  the 
minds  of  those  that  use  them,  or  at  least  at  variance  with  the  conception  of  other  authorities,  are 
the  following: 

General. — Yellow  pine,  Southern  yellow  pine.  Southern  pine,  long-leaved  yellow  pine,  long- 
leaved  pine,  hard  pine,  pitch-pine, 

Specific, — Virginia  yellow  pine,  Virginia  pine,  North  Carolina  yellow  pine,  North  Carolina 
pine,  Georgia  yellow  i)ine,  Georgia  pitch-x)ine,  Georgia  pine,  Georgia  longleaf  yellow,  Georgia 
long-leaved  i)ine,  Florida  yellow  pine,  Florida  j)ine,  Florida  long-leaved  pine,  Texas  yellow  pine, 
Texas  long-leaved  i)ine. 

The  names  "yellow  pine,"  "Southern  pine,"  seem  first  of  all  to  be  used  as  generic  names, 
without  distinction  as  to  species.  In  the  quotations  from  Western  markets  only  "yellow  pine" 
and  "long-leaved  yellow  pine,"  or  "long-leaved  pine  "are  distinguished;  the  first  name  seemingly 
being  now  always  used  when  "short-leaf"  is  meant,  although  it  is  also  api^lied  by  advertisers  from 
fhe  long-leaf-pine  region  to  their  product.  In  a  market  report  of  a  leading  lumber  journal  we  find 
that  "in  the  yellow-pine  line,  long-leaf,  short-leaf,  and  curly  pine  can  be  bought,"  Avhich  would 
show  that  the  attemi^t  to  distinguish  the  two  kinds  by  their  proper  names  is  made.  Curly  pine, 
however,  is  in  most  cases  long- leaf  pine  with  a  wavy  or  curly  grain,  a  sort  which  is  also  found  in 
the  short-leaf  species.     Loblolly  seems  not  to  be  quoted  in  the  Western  markets. 

Formerly,  while  the'long-leaf  pine  was  the  only  pine  reaching  the  markets,  it  was  commonly 
known  under  the  name  of  "  yellow  pine,"  but  now  the  supply  under  this  name  may  be  made  up  of 
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all  the  species  indiscriminately.  In  Texas  and  Louisiana  "  yellow  pine"  designates  the  long-leaf 
species,  in  Arkansas  and  ftlissouii  the  short- leaf,  while  there  the  name  "long-leaf"  is  applied  to 
the  "loblolly,"  wliicli  is  rarely  cut. 

In  Florida,  the  Carolinas,  and  C^eoigia  the  name  "yellow  pine"  is  also  used  with  less  distinc- 
tive apiilicatioii.  In  Florida,  besides  the  Cuban  pine,  which  is  never  distinguished  on  the  market, 
loblolly  may  also  appear  in  tlie  lumber  pile.  In  Georgia  and  the  Carolinas,  although  locally  the 
name  "yellow  i)ine"  is  most  fie(iuently  applied  to  the  sliort-leaf,  in  the  market  a  mixture  of  long- 
leaf,  short-leaf,  loblolly,  and  Cuban  j)ine  satisfies  the  name.' 

In  England,  Avhere  probably  nothing  but  long-leaf  i)ine  ii^ handled,  the  current  name  is  "pitch- 
pine,"  and  this  name  is  also  most  commonly  used  in  Georgia  and  yorth  and  South  Carolina, 
strictly  applying  to  long-leaf  iiine.  In  Boston  only  Southern  aiul  hard  i)ine  is  mentioned  without 
distinction.  It  is  in  New  York,  Philadelphia,  Baltimore,  and  other  Atlantic  markets  that  the 
greatest  variety  of  names  is  used,  witb  an  attempt  to  distinguish  two  kinds,  the  long-leaf  and 
short-leaf,  by  using  the  name  of  the  State  from  which  the  lumber  is  supposed  to  come,  but  neither 
the  name  nor  tlie  lund)er  pile  agree  always  with  the  species  that  was  to  be  represented. 

"iSTorth  Carolina  pine,"  which  is  supposed  to  apply  specifically  to  short-leaf,  will  be  found  to 
include  in  the  pile  also  better  qualities  of  loblolly,  sometimes  to  the  amount  of  50  pe?  cent.  Long- 
leaf  forms  only  very  occasionally  a  i^art  of  the  supplies  from  this  section. 

"Georgia,  pine"  is  meant  to  designate  the  long-leaf  species,  and,  like  "Florida  pine,"  does  mostly 
conform  to  this  designation  except  as  noted  before  under  the  name  of  yellow  pine. 

"Virginia  i)ine  "  and  "Virginia  yellow  pine"  aie  names  hardly  known  elsewhere  than  in  the 
markets  of  Baltimore  and  Washington,  where  the  bulk  of  the  common  building  timber  consists  ot 
it.  It  applies  in  the  nuiin  to  the  loblolly,  with  a  very  small  percentage  of  short-leaf  making  its 
way  into  the  pile.  While  this  is  mostly  coarse-grained,  inferior  material,  selected  stuft'  when  well 
seasoned  furnishes  good  finishing  and  flooring  material. 

FIELD   NAMES. 

Field  names  are  those  api)lied  to  the  four  St)uthern  pine  lumber  species  in  the  tree  and  logs. 
Such  names  are  usually  more  or  less  kn.own  to  dealers  and  manufacturers,  but,  aside  from  the 
market  names  already  discussed,  are  rarelj^,  if  ever,  applied  to  lumber  in  the  market. 

Of  the  three  pines,  long-leaf,  short-leaf,  and  lol)lolly,  the  first  alone  is  perfectly  known  by  lum- 
bermen and  woodmen  as  a  distinct  "variety" (species).  The  remaining  species,  presenting  to  the 
lumberman's  eye  various  forms  according  to  the  site  producing  the  timber,  are  commonly  supposed 
"varieties"  or  "crosses"  more  or  less  related  to  the  long-leaf  pine.  Specific  difierences  in  the  lum- 
ber, both  in  appearance  and  <xuality,  form,  however,  a  sufiicient  basis  of  distinction  as  far  as  lumber 
is  concerned,  although  this  distinction  is  not  necessarily  carried  out  iu  i^utting  lumber  on  the 
market. 

A  few  of  the  names  in  common  use  are  frequently  applied  by  lumbermen  to  entirely  ditferent 
species  from  those  usually  laiown  to  botanists  by  the  same  luinie.  .  The  periilexity  thus  arising, 
upon  the  supposition  that  the  common  names  of  our  botanical  text-books  are  applied  to  the  species 
by  lumbermen,  is  not  incojisiderable,  and  can  doubtless  be  avoided  only  by  a  more  careful  atten- 
tion on  the  i)art  of  the  peoi)le  to  real  specific  distinctions. 

The  confusion  in  names  is  such  that  it  is  almost  inq)ossible  to  analyze  properly  the  use  of  these 
nftmes  iu  the  various  regions.  In  the  above ,  tabulated  account  of  names  a  geographical  distri- 
bution has  been  given  as  far  as  possiljle.     Here  only  a  few  of  the  names  are  to  be  discussed. 

"Pitch-i)ine"  is  the  name  most  commonly  applied  to  the  long-leaf  in  the  Atlantic  regions,  and 
where  it  occurs  associated  with  the  short-leaf  and  loblolly  the  former  is  called  "yellow  pine"  and 
the  latter  is  called  "  short  leaf"  The  name  "long  leaf  or  long-leaved  pine"  is  rarely  heard  iu  the 
field,  "longstraw"  being  substituted. 

The  greatest  ditfereuce  of  names  and  consetpient  confusion  exists  in  the"  case  of  the  loblolly, 
due  no  doubt  to  the  great  variety  of  localities  which  it  occupies  and  consequent  variety  of  habit 
of  growth  and  quality.  "Swamp"  and  "sap-pine"  refer  to  comparativelv. young  growth  of  the 
loblolly,  coarse  grained,  recognized  by  the  rather  deep  longitudiual  ridges  of  the  bark,  growing 
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on  low  ground.  "  Slash-pine"  in  Virginia  and  North  Carolina  is  applied  to  old  well-developed 
trees  of  both  loblolly  and  short  leaf ;  iu  Florida  it  is  exclusively  applied  to  the  Cuban  pine.  When 
applied  to  the  loblolly  it  designates  a  tree  of  line  grain,  one-half  to  two-thirds  sap,  recognized  by 
the  bark  being  broken  into  large,  broad,  smooth  plates.  This  same  form  is  also  called  "  short-leaf 
pine  "  in  North  Carolina. 

"Eosemary-pine"  is  a  name  peculiar  to  a  growth  of  loblolly  iu  the  swamj)  region  of  the  Car- 
olinas,  representing  ftiUy  grown  trees,  fine  grained,  large  amount  of  heart,  and  excellent  quality, 
now  nearly  exhausted. 

"Loblolly  "  or  ''old-field  jjine,"  as  applied  to  Pinus  Tceda,  is  a  name  given  to  the  second  growth 
springing  up  on  old  fields  in  North  and  South  Carolinas,  while  in  Alabama  and  Mississippi,  etc., 
the  name  "old-field"  pine  is  applied  to  Pinus  echinafa. 

Botanical  diagnosis. 


Species. 

Pinus  palustris  Miller. 

Pinus  cubeiisis  Griseb. 

Phms  echinata  Miller. 

Pinus  Tceda  Linn. 

3  in  a  bundle,  9  to  12  (excep- 
tionally 14  to  15)  inches  long. 

6  to  9   inches  Ions;    4J   to  5 
inches  in  diameter. 

J  to  1  inch  broad:  tips  much 
wrinkled,  lisht  chestnut 
brown,  gray  with  age. 

Very  short,  delicate,  incurved. 

J  inch  hmg;  i  inch  in  diame- 
ter; silver  white. 

2  and  3  in  a  bundle;  7  to  12 
(usually  9  to  10)  inches  long. 

1  to  "6^  (usually  4  to  5)  inches 
long :  3  to  4£.  inches  in  diam- 
eter. 

{I  to  J  inch  broad ;  tips,  wrin- 
kled; deep  russet  brown; 
shiny. 

Very  short;  stx'aight;  declined. 

About  i  inch  long;  J  inch  in 
diameter;  brownish. 

2  and  3  in  a  bundle;  If  to  4 
inches  long;  commonly  2i 
to  4  inches. 

IJ  to  2  inches  long;  IJ  to  1| 
inches  in  diameter. 

IB  to  1  (exceptionally  about  J) 
inch  broad;  tips  light  yel- 
low-brown. 

Exceedingly  short  (y',,  inch), 
delicate  straight,  declined. 

-J  to  1  inch  long;  about  ^  inch 
in  diameter;  brownish. 

3  in  a  bundle;  5  to  8  inches 
long. 

2^  to  4i  inches  long;  IJ  to  3 
inches  in  diameter. 

g-  to  J  inch  broad;  tips 
smooth;  dull  yellow- 
brown. 

Short;  stout  at  base. 

4  to  J  inch  long;  J  inch  in 
diameter;  brownish. 

Cones  (open) . . . 

rrickles 

Buds    ---. 

-  In  aspect  and  habit  the  long-leaf  and  Cuban  pine  somewhat  resemble  each  other.  The  large 
silvery  white  buds  of  the  long-leaf  pine,  which  constitute  its  most  striking  character,  and  the 
candelabra-like  naked  branches  with  brush-like  tufts  of  foliage  at  the  end  readily  distinguish  it 
from  the  Cuban  pine,  which  bears  a  fuller  and  denser  crown.  The  dark-green,  glossy,  and  heavy 
foliage  of  the  latter  readily  distingiiishes  this  again  from  the  loblolly,  where  these  may  appear 
associated,  the  latter  having  sea-green  and  thinner  foliage. 

As  a  rule,  the  Cuban  pine  grows  taller  (up  to  110  or  115  feet,  with  a  diameter  of  2^  to  3  feet) 
than  the  longleaf,  which  rarely  exceeds  105  feet  and  20  to  36  inches  in  diameter.  The  Cuban  pine 
forms  massive  horizontally  spreading  limbs,  and  at  maturity  a  crown  with  rounded  outlines;  the 
long-leaf  pine  forms  a  more  flattened  crown  with  massive  but  twisted,  gnarled  limbs,  which  are 
sparingly  branched. 

The  thin  bark  of  the  long-leaf  (only  one-quarter  to  one-half  inch  thick),  of  uniform  reddish 
brown  color  throughout,  exfoliates  in  thin,  almost  transparent,  rhombic  flakes;  the  thick  bark  of 
the  Cuban  pine  of  the  same  color  exfoliates  in  very  thin,  broad,  purplish  flakes. 

The  short-leaf  pine  is  readily  distinguished  by  the  comparatively  shorter  and  more  scant 
appearance  of  its  foliage.  Moreover,  this  species  is  at  once  recognized  by  its  characteristically 
small  cones.  Its  habit  is  spreading,  if  compared  with  the  more  ascending,  compact  habit  of  the 
loblolly.  At  maturity  the  short-leaf  has  a  much  shorter  bole  (85  to  95  feet,  diameter  1^  to  2  feet) 
than  the  Joblolly  (125  to  150  feet,  diameter  4  to  5  feet),  with  which  it  is  often  associated,  and  a 
more  pyramid- shaped  crown. 

The  reddish  bark  of  the  short-leaf  in  mature  trees  is  broken  into  long  plates,  while  the  loblolly 
bark  appears  of  grayish  color  and  breaks  into  broader,  larger,  and  more  deeply  fissured  plates. 

DISTRIBUTION  AND  HABITAT. 

The  geographical  (botanical)  distribution  of  the  long-leaf  pine  is  shownin  a  map  published  in 
the  annual  report  of  the  chief  of  the  forestry  division  for  1891,  which  was  prepared  by  Dr.  Charles 
Mohr,  of  Mobile,  Ala.,  agent  of  this  division,  and  much  of  the  information  here  given,  is  taken 
from  his  still  unpublished  monographs  on  these  pines. 

Within  the  boundaries  of  geographical  distribution  each  species  is  found  to  occupy  certain 
soils  and  sites  which  form  its  habitat,  The  habitat  of  the  pines  in  general  is  found  on  sandy  and 
14500— No,  8—— 3 
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mostly  well -drained  soils.  In  regard  to  moisture  conditions  of  tlie  soil,  the  difTcrent  species 
adjust  tbemselves  differently.  The  long-leaf  pine  is  found  (oidy  excei)tioiial]y  otherwise)  on  the 
best-drained,  deep,  sandy,  siliceous  alluvium,  while  the  Cuban  pine  is  confined  to  the  moister 
flats  or  pine  meadows  of  the  coast,  and  will  grow  closely  down  to  the  sandy  swamps;  not  objecting 
to  clayey  admixtures  in  the  soil,  but  shunning  the  dry  sandy  pine  hills.  The  short-leaf  pine  pre- 
fers a  well-drained,  light,  sandy  or  gravelly  clay  soil,  or  warm  light  loam,  while  the  loblolly,  often 
struggling  witli  the  short-leaf  for  the  possession  of  the  soil,  can  adapt  itself  to  wetter  situationvS. 

From  the  southern  confines  of  Virginia  the  long-leaf  i)ine  covers  the  later  deposits  of  sands, 
light  loams,  and  gravel  which  follow  tlie  Atlantic  coast  to  the  eVerglades  of  Florida,  and  west  on  the 
gulf  sliore  to  tbe  valley  of  the  Trinity  River  (Texas),  in  a  belt  from  60  to  150  miles  wide.  In  north- 
ern Alabanni  and  the  adjoining  part  of  Georgia  the  forests  of  this  pine  reach  a  short  distance 
beyond  the  34'^  north  latitude  on  isolated  and  more  or  less  restricted  areas  in  similar  soil.  In  its 
distribution  through  the  Atlantic  States  and  the  "eastern  Gulf  region,  three  distinct  divisions  can 
be  recognized  in  this  coast  pine  belt :  First,  the  coast  ])lain,  from  10  to  30  miles  from  seashore,  rising 
al)ove  the  marshes  and  alhivial  swamps,  forms  a  belt  5  to  30  miles  in  width.  In  the  grassy  flat- 
woods  this  pine  is  found  scattered  and  of  rather  stunted  growth,  while  on  the  higher  level,  where 
it  once  iirevailed  in  greater  jierfection,  it  has  been  largely  rejAaced  by  the  loblolly  and  the  Cuban 
IDines. 

The  second  division  embraces  the  rolling  pine  lands  or  jiine  barrens  proper,  the  elevation  o^ 
which  is  rarely  over  250  feet  above  tide  water.  These  undulating  lands  often  spread  out  into 
extensive  table-lands,  and  are,  almost  without  any  interruption,  covered  with  a  pure  growth  ot 
mature  long-leaf  pine  of  the  greatest  perfection. 

The  third  division,  forming  the  upper  part  of  the  maritime  pine  belt,  is  a  region  of  mixed 
growth,  wheie  on  the  steep  rocky  or  gravelly  ridges  thelongleaf  pineis  frequently  associated  with 
the  short  leaf  and  loblolly  pine  and  hardwood  trees.  In  this  division,  generally  on  a  richer  soil, 
the  long  leaf  pine  attains  a  greater  size  with  a  larger  number  of  full-sized  trees  to  the  acre.  The 
long-leaf  timber  of  this  division  generally  shows  a  larger  iiroportion  of  sapwood  and  a  slightly 
coarser  grain  than  that  of  the  other  divisions,  and  has  therefore  been  considered  somewhat  inferior 
in  quality.     It  is  found  more  generally  wind-shaken. 

In  Virginia  the  long-leaf  i)ine  is,  ibr  all  practical  purposes,  extinct.  In  North  Carolina,  in  the 
division  of  mixed  growth  and  in  the  plain  between  the  Albemarle  and  Pamlico  Sound,  the  longleat 
pine  has  likewise  been  almost  entirely  removed  and  is  replaced  by  the  loblolly.  The  forests  ol 
longleaf  pine  begin  with  Bonge  Inlet,  stretching  for  a  distance  of  from  95  to  150  miles  inland, 
reaching  down  to  the  State  line  and  cover,  roughly  estimated,  about  6,500,000  acres.  These  for- 
ests have  been  to  a  great  extent  despoiled  of  their  timber  wealth  by  the  tapping  of  the  trees  for 
turpentine. 

From  the  statement  of  the  Tenth  Census  Eeport  the  timber  supply  of  long-leaf  pine  in  South 
Carolina  is  but  slightly  exceeded  by  that  of  North  Carolina.  The  pine  belt  in  this  State  is  about 
150  miles  wide.  It  is  mainly  occuined  by  the  long-leaf  pine,  but  on  the  hill  lauds  is  intermixed 
with  the  short-leaf  pine.  The  forests  on  the  elevated  table-laiul  in  the  southwestern  part  of  the 
State,  almost  untouched,  are  spoken  of  as  being  of  the  finest  quality.  It  is  interesting  to  note 
that  there  has  been  during  the  past  ten  years  a  steady  increase  in  the  development  of  the  lumber 
resources  of  the  State.  In  Georgia,  the  great  pine  State  of  the  southern  Atlantic,  the  forests  ot 
long-leaf  pine  cover,  almost  exclusively,  the  vast  interior  plain  of  over  17,000  square  miles  in 
extent.  The  timber  from  this  extensive  lumbering  region  (in  the  markets  favorably  known  as 
"Georgia  pine")  is  mostly  rafted  down  the  Savannah  Eiver  and  the  Altamaha  Eiver  to  Savannah, 
Darieji,  and  Brunswick.  During  the  past  twelve  years  shipments  aggregating  about  300,000,000 
square  feet  of  lumber  and  square  timber  liave  been  made  annually  from  these  ports,  with  but 
slight  fluctuations  in  the  amount  of  the  annual  outputs.  In  eastern  Florida  the  pine  belt  can  be 
traced  to  St.  Augustine.  Farther  south,  the  lohg-leaf  pine  is  replaced  by  the  Cuban  pine.  On 
the  Gulf  side  more  important  areas  of  the  long-leaf  growth  are  found  extending  until  the  savannas 
and  everglades  are  reached,  where  again  the  Cuban  pine  replaces  it,  but  the  timber  seems  to  be 
of  an  inferior  quality  and  the  pine  forests  are  frequently  interrupted  by -swamps  with  hardwood 
trees.    Since  ISSO  the  lumbering  industry  in  eastern  Florida  has  been  on  the  decline. 
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In  the  Gulf  States,  from  the  Chattahoochee  Eiver  to  the  lowlands  of  the  Mississippi,  the  pine  ' 
belt  covers  about  40,000  square  miles.     The  forests  of  long-leaf  pine  in  western  Florida  have  been 
largely  exhausted.    The  most  extensive  and  finest  bodies  remaining  are  found  between  the  Perdido 
and  Escambia  rivers  toward  the  Alabama  State  line  and  in  some  of  the  remoter  townships  along 
the  same  border  farther  east  to  the  Yellow  Eiver. 

In  Alabama  the  best  and  largest  supplies  of  long  leaf  pine  timber  are  found  in  the  forests  of 
undulating  pine  lands  between  the  Chattahoochee  Valley  and  Perdido  River.  Over  one-third  of 
the  timber  and  lumber  annually  shipped  from  Pensacola,  amounting  on  the  average  for  the  last 
five  years  to  about  250,000,000  feet,  is  derived  from  these  forests.  The  high  quality  of  their 
timber  is  strikingly  exhibited  in  the  quantities  of  hewn  square  timber  exported  from  the  above 
port  and  from  Mobile  to  England  and  Euiope.  At  present  Mobile  is  meeting  the  highest  require- 
ments in  this  line  of  export  trade,  furnishing  sticks  without  a  blemish  of  120  cubic  feet  on  the 
average.  During  the  past  year  2,903,000  cubic  ^eet  of  hewn  square  timber  has  been  shipped  from 
this  place.  In  the  up])er  division  of  the  coast  ]iine  belt,  or  region  of  mixed  growth,  the  forests  of 
long-leaf  pine  are  confined  to  the  steep  gravelly  or  rocky  ridges  and  can  be  said  to  cover  about 
7,000  square  miles ;  where  the  long-leaf  pine  is  found  either  alone  or  associated  with  the  short-leaf, 
the  loblolly  pine,  and  hardwood  trees.  The  growth  is  heavy,  the  trees  generally  ranging  between 
20  and  2.5  inches  in  diameter,  breast  high;  they  are  from  200  to  250  years  old,  and  for  tlie  greatest 
part  found  to  be  wind-shaken,  a  resiilt.  no  doubt,  of  a  freer  exposnre  to  the  force  of  the  wind. 
The  forests  of  long-leaf  pine  crossing  the  State  centrally  in  a  belt  from  5  to  over  20  miles  wide  and 
covering  a  little  over  1,000  square  miles,  and  those  of  lesser  extent  found  in  the  northern  half  of 
the  State,  furnish  timber  not  inferior  to  that  from  the  rolling  pine  lands  of  the  maritime  belt.  The 
drift  deposits  along  the  Coosa  Eiver,  covering  about  .300,000  acres,  and  a  detached  portion  of 
drift  in  Walker  county  of  60,000  acres,  is  covered  with  pine  of  fine  quality  hardly  yet  touched. 
The  forests  of  long-leaf  pine  in  Mississippi  in  their  extent  fall  but  little  shoi^t  of  those  in  Alabama, 
and  are  fully  equal  in  the  quality  of  their  timber;  not  less  than  300,000,000  feet  of  timber  and 
lumber  have  been  shipped  by  water  and  rail  from  the  mills  along  the  Pascagoula  and  Pearl 
rivers  and  the  New  Orleans,  ]!^ortheasteru,  and  Illinois  Central  Eailroad  lines. 

During  the  year  1892  fully  751,000,000  feet  of  timber  and  lumber  have  been  shipped  to  foreign 
and  domestic  markets  from  the  coast  pine  belt  of  the  Gulf  States  east  of  the  Mississippi  Eiver, 
Toward  the  west,  in  Louisiana,  the  coast  pine  belt  gradually  passes  into  a  mixed  growth  of  short- 
leaf  pine,  oaks,  and  hickories  on  the  uplands  bordering  the  Mississix)pi.  The  slightly  undulating 
flatwoods  of  Louisiana  support  a  better  timber  growth  than  is  generally  found  in  the  upland  i)ine 
barrens;  but  this  forest  has  been  largely  invaded,  while  the  pine-hill  region  of  Louisiana  has  re- 
mained almost  untouched.  The  i)ine  region  west  of  the  Mississippi  Eiver,  limited  to  the  sands 
and  gravels  of  the  region,  follows  on  its  eastern  boundary  the  valley  of  the  Ouachita  Eiver  for  150 
miles. 

In  the  center  of  the  region  above  the  Eed  Eiver  pine  ridges  alternate  with  tracts  of  oak  and 
hickory.  •* 

In  western  Louisiana  and  eastern  Texas  the  forests  of  the  long-leaf  pine  occupy,  roughly  esti- 
mated, an  area  somewhat  exceeding  10,000  square  miles.  The  pine  lands  north  of  the  Eed  Eiver 
are  undulating  and  differ  in  no  way  in  the  nature  of  their  timber  growth  from  similar  lands  in  the 
coast  pine  belt  of  the  eastern  Gulf  States.  South  of  the  Eed  Eiver  the  rolling  lands  merge  into 
flat  woods  which,  from  Lat.  31°  N.  continue  from  the  basin  of  the  Calcasieu  Eiver  without  change 
across  the  Sabine  Eiver  to  the  valley  of  the  Trinity  Eiver  in  Texas.  These  flat  woods  of  south- 
western Louisiana  and  eastern  Texas  supi)ort  a  denser  timber  growth,  said  by  experts  to  fre- 
quently exceed  7,000  square  feet  to  the  ac^e.  The  trees  are  for  this  siiecies  of  a  reinarkably  quick 
growth.  As  observed  in  the  forests  near  the  Ils'atchez  Eiver  in  Texas,  full-sized  trees  from  23  to 
25  inches  in  diameter,  breast  high,  showed  from  20S  to  340  rings  respectively  on  the  stump ;  and 
trees  from  19  to  21  inches  in  diameter  show  105  and  113  annual  rings;  trees  of  this  stage  of  growth 
show,  on  a  radius  of  from  9J  to  9f  inches  (clear  of  bark),  4  inches  of  sap.  In  the  mature  trees 
mentioned  first  the  thickness  of  sap  Avas  found  in  the  first  instance  2J  inches  on  a  radius  of  13 
inches  and  in  the  second^  IJ  inches  on  a  radiiis  of  nearly  11  inches.  The  grain  is  coarser  and 
even,  and  the  timber  remarkably  free  from  the  defects  caused  by  wind  shaking.    Nearly  all  of  the 
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timber  of  these  western  forests  of  the  long  leaf  pine  is  sawn  into  lumber  and  square  stuff,  used  for 
framing-  and  car  building,  and  shipped  to  the  northern  markets  to  supply  the  timberless  regions 
of  the  west.  During  the  past  year  the  cut  has  been  ascertained  to  fall  not  far  short  of  800,000,000 
feet  board  measilre.  Of  this  output  225,000,000  square  feet  have  to  be  ascribed  to  Louisiana  and 
575,000,000  to  Texas. 

CHARACTEKISTICS   OF   THE   WuOD. 

No  more  difficult  task  could  be  set  than  to  describe  on  paper  the  wood  of  these  pines,  or  to 
give  the  distinctive  features  so  that  the  kinds  can  be  distinguished  and  recognized  by  the  unini- 
tiated. Oidy  the  combined  simultaneous  impressions  upon  all  the  senses  loermit  the  expert  to  make 
sure  of  distinguishing  these  woods,  without  being  able  to  analyze  in  detail  the  characters  by  which 
he  so  distinguishes  them.  \Yhile  in  many  cases  there  would  be  no  hesitation  in  referring  a  given 
stick  to  one  or  the  other  species,  others  may  be  found  in  which  the  resemblance  to  more  than  one 
species  is  so  close  as  to  make  them  hardly  distinguishable.  The  following  attempt  to  diagnose 
these  woods  must,  therefore,  be  taken  only  as  an  imperfect  general  guide.  So  far  even  micro- 
scopic examination  has  not  lurnished  unfailing  signs.  Color  is  so  variable  that  it  can  hardly  serve 
as  a  distinguishing  feature.  The  direction  of  the  cut,  roughness  of  surface,  exudation  of  resin, 
condition  of  health,  wid;h  of  grain,  moisture  condition,  even  the  mode  of  drying,  exposure,  etc., 
all  have  their  share  in  giving  color  to  the  wood.  Bearing  in  mind  this  great  complication  of  color 
effects,  it  will  be  granted  that  descriptions  of  the  same,  disturbed' by  peculiarities  of  each  separate 
observer,  will  aid  but  little  in  identilying  the  woods. 

The  sapNVood  of  all  the  pines  looks  very  nearly  alike,  and  so  does  the  heartwood.  The  color 
of  the  springwood  in  the  sap  is  a  light  yellowish  with  a.  shade  of  brown;  the  summer  wood  con- 
tains more  brown, 'variable  with  the  density  of  the  cells  and  appearing  darker  when  tlie  bands  are 
more  abruptly  separated  from  the  spring  wood.  The  heart- wood  shows  a  markedly  darker  color 
Avith  a  reddish  tiesh-color  tinge  added. 

It  is  perhaps  easiest  to  distinguish  the  wood  of  the  long-leaf  and  Cuban  pines  from  that  of  the 
short-leaf  and  loblolly.  It  is  also  possible  to  keep  apart  the  long-leaf  from  the  Cuban;  but  while, 
in  general,  the  short-leaf  and  lobk)]ly  can  be  more  or  less  easily  distinguished  by  color  or  grain, 
some  forms  of  the  latter  (rosemary-pine)  so  nearly  resemble  the  former  that  no  distinguishing 
feature  is  apparent. 

The  most  ready  means  for  distinguishing  the  four  seems  to  be  the  specific  graAity  or  weight 
in  connection  with  the  grain.  The  proportion  of.  sap  and  heart-wood  will  also  be  an  aid  in  recog- 
nizing a  log  or  log-run  lumber  in  the  pile.  These  distinctive  features  are  tabulated  as  follows, 
the  figures  representing  average  conditions  of  merchantable  timber  and  mature  trees: 

IHagnosiivfealitreti  of  the  wood. 
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5i"arae  of  species. 

Long-leaf  pine 

Cnbnn  pine 

Short-leaf  pine 

Loblolly  pine 

(Phiiis paluitiis  Miller). 

{Finns  cvbcnsis  Griseb.). 

rinus  cclnnnta  Miller). 

{I'tmii  I'tpda  Linn.). 

Possible 

.58  to  .90 

.05  to  .84  (.Sarg.) 

.39  to  .76 

.38  to  .61 

Spppific  gravity  ofL^'t'f^, 

.eo  to  .70 

.50to.(;»" 

.43  to  .48 

kiln-dnedwood.^"q';^g„t 

laiige. 

Weicht,      ponnflslPoasible. 
]ier   cubic    toot,^     rantfe. 
kiln-dried  -svood. (Average  . 

44  to  52 

38  to  50 

3C  to  44 

31  to  36 

. 

4S 

47 

4Cl 

34 

Character  of  graiu  setu   iu 

Fine    and    even;    annnal 

Variable    and    coarse; 

Very   variable;   medium, 

Less  variable,  mostly  very 

cross  section. 

ring,*i  iiniibi-inly  narrow 

rings  liioslly  wide:  from 

coarse:  rings  widciiear 

coaise:    3  to  12  rings  to 

tlirongliont :      not     less 

6  to  8  rings  to  the  inch. 

heart,  followed  by  zone 

the  inch ;  generally  wider 

tlian    8    (iMiistly    about 

of   narrow   riug.s:    not 

than  in  short-leaf" 

18-i;5)  rings  to  tbc  inch. 

less     than     4  "(mostly 
abinit   10)  r-iugs  to  the 
inih. 

Color,  genera]  appearance 

Even  dark  reddisli-yellow 

Dark    straw    color    with 

Velio  wish-red 

Whitish  to  brownish-yel- 

to reddisb-browij. 

tinge  of  flesh  color. 

low;   the  dark  bands  of 

sumtner  woud  being  pro- 

jwrtionately  narrow. 

Sapwood.  proportion 

Very  little.:  rarely  over  2 

H'early    one-half    of   the 

Commonly  over  4  inches 

A'cry  variable,  ^  to  J  of  the 

too  inches  of  radius. 

radius. 

of  radius. 

radius. 

Kesiu : 

A'ery  abundant ;  tree  torn- 

Abinid;int,   sometimes 

Moderately  a  b  u  n  d  a  n  t. 

Abund;int;     more   than 

iiig  into  '"light  wood;" 

yielding     more      pilch 

le:ist  pitchy;  only  near 

short-leaf,  less  than  iong- 

pitcliy  throughout. 

than  li'iig-leaf ;  notturu- 
ing  int«  "light  wood." 

stumps,   knots,   and 
limbs.                          y 

leaf  and  Cuban. 
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The  long-leaf  pine,  then,  is  best  distingnislied  by  the  following  four  characteristics: 

(1)  Width  of  the  annual  rings,  liaving  usnally  from  18  to  25  rings  to  the  inch,  as  against  11  to 
12  in  the  short-leaf  and  loblolly.  Fewer  rings  to  the  inch  would  lend  countenance  to  the  suspicion 
that  the  material  is  not  long-leaf. 

(2)  Weight,  which  for  partially  seasoned  wood  averages  about  48  pounds,  being  8  to  12  pounds 
heavier  than  short-leaf  and  loblolly.  TJje  lowest  specific  gravity  found  by  Prof.  Johnson  was  0.66 
for  tree  52,  or  38  pounds. 

(3)  Amount  of  resin,  which  produces,  when  tlie  wood  is  cut  across  the  grain  with  a  sharp  knife, 
a  polished  and  vitreous  or  horny  appearance  of  the  summerwood.  This  is,  however,  not  a  very 
reliable  sign,  as  other  pines  react  in  the  same  manner.  Whether  the  presence  of  large  amounts  of 
resin  account  for  the  great  weight  and  for  superior  strength  is  still  an  open  question. 

(4)  Thickness  of  sap-wood,  which,  at  least  in  the  pines  now  cut  for  lumber,  is  rarely  over  2  or 
3  inches  wide,  much  less  than  the  other  pines  with  which  it  might  be  confounded. 

SPECIAL  ADAPTATIONS   OP  LONGLEAF   YELLOW  PINE. 

In  regard  to  the  use  of  this  timber,  Prof.  Johnson  makes  the  following  statements  regarding 
the  extensive  tests  here  reported. 

The  long-leaf  pine  timber  is  specially  fitted  to  be  used  as  beams,  joists,  posts,  stringers  in 
wooden  bridges,  and  as  flooring  when  quarter-sawed.  It  is  probably  the  strongest  timber  in 
large  sizes  to  be  had  in  t]ie  United  States.  In  small  selected  specimens,  other  species,  as  oak  and 
hickory,  may  exceed  it  in  strength  and  toughness.  Oak  timber,  when  used  in  large  sizes,  is  apt  to 
be  more  or  less  cross-grained,  knotty,  and  season-checked,  so  that  large  oak  beams  and  posts  will 
average  much  lower  in  strength  than  the  long-leaf  pine,  which  is  usually  free  from  these  defects. 
The  butt  cuts  are  apt  to  be  wiTid-shaken,  however,  which  may  weaken  any  large  beams  coming 
from  the  lower  part  of  the  tree.  In  this  case  the  beam  would  fail  by  shearing  or  .sx)litting  alouff 
this  fault  with  a  much  smaller  load  tlian  it  would  carry  without  such  defect.  These  wind  shakes  are 
readily  seen  by  the  inspector,  and  sticks  containing  them  are  easily  excluded,  if  it  is  thought  worth 
while  to  do  so.  For  highway  and  railway  wooden  bridges  and  trestles,  for  the  entire  floor  system 
of  what  is  now  termed  "mill"  or  "slow-burning"  construction,  for  masts  of  vessels,  for  ordinary 
floors,  joists,  rafters,  roof-trusses,  mill-frames,  derricks,  and  bearing  piles;  also  for  agricultural 
machinery,  wagons,  carriages,  and  especially  for  passenger  and  freight  ears,  in  all  their  parts 
requiring  strength  and  toughness,  the  long-leaf  pine  is  peculiarly  fitted.  Its  strength,  as  comjiared 
to  that  of  short-leaf  yellow  pine  and  white  pine  is  probably  very  nearly  in  direct  proportion  to  their 
relative  weight,  so  that  pound  for  ijound  all  the  pines  are  probably  of  about  equal  strength.  The 
long-leaf  pine  is,  however,  so  much  heavier  than  these  other  varieties  that  its  strength  for  given 
sizes  is  much  greater.  , 

A  great  many  tests  have  now  been  made  on  short-leaf  and  on  loblolly  pine,  both  of  which  may 
be  classed  Avith  long-leaf  as  "Southern  yellow  pine,"  and  from  these  tests  it  appears  that  both 
these  species  are  inferior  to  the  long-leaf  in  strength  in  about  the  ratio  of  their  specific  gravities. 
In  other  words,  long-leaf  pine  (Piniiti  pahiMrifi)  is  about  one-third  sti^onger  and  heavier  than  any 
other  varieties  of  Southern  yellow  pine  lumber  found  in  the  markets.  It  is  altogether  likely  that 
a  considerable  proportion  of  the  tests  heretofore  made  on  "  Southern  yellow  pine"  have  been  made 
on  one  or  both  of  these  weaker  varieties. 


RESULTS  OF  MECHANICALTESTS. 


By  J.  ]^.  Johnson. 


GENERAL    SUMMARY. 

In  Table  I  are  given  the  principal  results  of  tests  on  tlie  individual  sticks  of  long-leaf  pine, 
made  in  1S91  and  1892.  They  comprise  tests  on  twenty-six  trees,  all  from  Alabama.  Ten  of  these 
were  normal,  healthy,  living  trees,  from  two  localities,  averaging  about  two  hundred  years  old  and 
about  21  inches  in  diameter.  Sixteen  of  them  had  been  tapped  for  turjientine  ("boxed"),  eight  of 
them  being  taken  from  an  orchard  abandoned  five  years,  and  eight  from  an  orchard  recently 
boxed.  These  trees  averaged  18  inches  in  diameter.  The  logs  from  the  unboxed  trees  were  cut 
into  both  large  and  small  beams.  Those  liom  the  boxed  trees  we^^e  cut  wholly  into  four  by  four 
inch  sticks.  There  have  been  about  130  tests  made  on  these  sticks  in  each  of  five  ways,  or  some 
2,150  tests  in  all.  These  tests  may  be  divided  in  general  into  two  classes,  "green"  and  "  dry." 
The  green  tests  on  the  unboxed  trees  were  made  some  six  mouths  after  sawing,  while  those  on  the 
boxed  timber  were  made  some  two  mouths  after  sawing.  The  dry  tests  on  the  unboxed  timber 
were  made  about  eighteen  months  after  sawing,  and  the  dry  tests  on  the  boxed  timber  some 
fourteen  months  after  sawing.  Some  of  the  dry  tests  were  made  On  sticks  which  had  been 
treated  for  a  few  days  in  a  dry  kiln  which  was  operated  by  an  exhaust  fan  drawing  air  over  steam 
coils,  the  temperature  of  the  box  being  less  than  100°  F. 

The  bold-faced  type  in  this  table  indicates  the  exiierimental  values  reduced  for  15  per  cent 
moisture.  This  is  about  the  ordinary  i^ercentage  of  moisture  of  seasoned  lumber,  under  shelter, 
but  out  of  doors.  These  are  the  values  which  have  been  used  i'a  all  the  subsequent  studies  and 
in  Tables  II,  III  and  IV.  . 

VARIATION    OF   STRENGTH   WITH   MOISTURE. 

In  Plates  Vii-x  are  shown  the  ciirves  which  exhibit  the  variation  of  strength  due  to  differ- 
ence in  moisture  of  the  test  piece.  ISTo  curves  are  given  for  specific  gravity  or  for  tensile  strength, 
as  both  of  these  properties  seemed  to  be  practically  independent  of  moisture,  as  shown  in  Plates 
SI  and  XII.  The  curves  in  Plates  vii-x  Avere  obtained  as  follows:  The  average  of  observed 
results  of  tests  on  specimens  from  singletrees  were  first  plotted  on  cross-section  ])aper,  with  their 
corresponding  percentages  of  moisture,  the  several  mean  results  (green  and  dry)  on  one  tree  being 
Joined  by  straight  lines  to  indicate  that  they  all  belonged  to  one  and  the  same  tree.  These  results 
scattered  widely,  since  all  other  sources  of  strength  entered  into  the  result,  aside  from  moisture. 
A  provisional  curve  was  then  drawn,  showing  the  probable  law  of  change  of  strengtli  due  to  mois- 
ture conditions  alone,  and  this  curve  was  then  traced  off  upon  another  sheet.  Tlie  several  pairs 
of  mean  observed  results  on  single  trees  (green  and  dry)  were  now  copied  upon  this  sheet  in  their 
true  moisture  relations,  but  without  any  reference  to  their  al)S()lute  strength  relation,  any  further 
than  that  they  were  made  symmetrical  horizontally  (strength  coordinate)  with  the  assumed  curve 
already  drawn.  That  is  to  say,  each  pair  of  results  (green  and  dry)  were  moved  horizontally  until 
they  became  synuuetrical  in  a  horizontal  direction  with  this  curve.  Thus,  while  their  relative 
strength  was  left  the  same,  their  absolute  strength  was  ignored.  In  this  xjay  all  other  sources  of 
influence  upon  strength  were  eliminated  except  that  of  moisture,  and  the  law  of  variation  of 
22 
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strength  with  moisture  was  developed  entirely  free  from  other  influences.     In  many  cases  a  second 
assumed  curve  was  drawn  and  a  new  diagram  of  results  obtained.     (Fig.  11.) 

iSTotwithstandiifg'  this  method  of  elimination  of  other  sources  of  strength  it  was  found  in  sev- 
eral instances,  as  in  the  modulus  of  elasticity,  crushing  across  the  grain,  and  in  shearing  (Plates 
VIII,  IX,  and  X),  that  some  of  the  trees  showed  such  discrepancies  in  their  relation  of  strength 
to  moisture,  that  the  curve  of  mean  values  could  not  be  used  for  reducing  results  on  these  trees. 
Such  discrepant  sets  of  results  are  inclosed  by  dotted  lines,  and  separate  curves  of  correction 

3000  PERCENTAGE      OF      MOISTUF^E. 


Fig.  11. — Method  of  coiistnicting  curves  of  averages.     Long-leaf  pino  (Pinus  2)oIi(stris). 

employed  in  these  cases.  The  corresponding  j)airs  (dry  and  green)  of  curves  for  these  trees  can 
be  identified  by  the  attached  numbers  of  the  trees,  the  average  values  for  which  are  represented 
by  the  plotted  points. 

On  those  sticks  which  were  originally  18-feet  long  beams  three  sets  of  results  were  obtained 
by  tests  at  approximately  30,  20  and  12  per  cent  moisture.     The  very  high  percentages  of  mois 
ture  shown  in  all  these  curves  do  not  represent  averages  for  the  tree,  but  represent  the  mean  re- 
sults from  sucli  sticks^ as  had  a  very  liigh  proportion  of  moisture  in  the  green  tests.     They  are 
inserted  to  give  some  further  indication  of  the  form  of  this  end  of  the  curve. 
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EFFECT    OF   MOISTTTRE.      " 

It  -^illat  once  be  evideut  from  a  casual  iuspectiou  of  these  curves  that  all  kinds  of  strengtli 
(except  tensile  strength,  whicli  seems  to  be  independent  of  moisture)  increase  greatly  as  the 
moisture  dimiuislies,  and  tliat  this  increase  becomes  very  I'apid  after  the  timber  has  become,  say, 
half  dry,  or  below  20  per  cent  moisture.  Xot  only  is  the  timber  stronger,  but  it  is  more  elastic. 
Thus  the  gain  in  relative  elastic  resistance  between  30  and  1.5  per  cent  of  moisture  is  by  a  much 
greater  proportion  than  the  corresponding  gain  in  the  elastic-limit  strength.  The  modulus  of 
elasticity  is  also  greater,  so  that  we  may  say  timt  the  drier  the  tindjer  (within  practical  limits) 
the  stronger,  the  stiffer,  and  the  tougher  it  becomes. 

Since  the  specific  gravity  does  not  appreciably  change  as  the  timber  dries  out  from  .30  to  15 
per  cent  of  moisture  (computed  on  the  dry  weight),  it  follows  that  the  shrinkage  in  volume  is 
practically  equal  to  the  diminution  of  moistui'e,  so  that  the  weight  of  unit  volume  remains  prac- 
tically constant  in  this  species  of  timber. 

RELATION   BETWEEN   STRENGTH    AND   STIFFNESS!. 

On  Plate  x  are  i)latted  the  average  values  of  the  moduli  of  elasticity  for  whole  trees  and 
of  the  modirli  of  cross-l)ending  strength  at  the  elastic  limit.  The  relation  of  these  two  curves 
rej)resents  the  relation  which  exists  between  the  working  strength  and  stiffness  of  a  beam.  It 
appears  that  the  stiffness  is  a  true  index  of  the  strength,  and  that  in  this  species  the  stiffer  the 
beam  the  stronger  it  will  prove.     The  equation  of  the  mean  line  as  drawn  on  tliis  plate  is — 

Elmtic-Jimif  moduJufi  of  strength  in  cross-hreal-uig  =  500  -f-  (».0047  U  (1) 

Where  ^  =  modulus  of  elasticity  as  found  from  a  cross-bending  test  by  making 

WP 
^=4^  ■.         •  •  ■  ■        (2'^ 

Where  W=  concentrated  load  at  cen^-er  of  beam. 
I    =  length  of  l)eam. 
J  =  deflection  of  beam  under  load  ^Y. 
h  =  breadth  of  beam. 
/(  =  height  of  beam. 
All  dimensions  being  in  inches  and  the  load  in  pounds. 

RELATION   BETWEEN    STRENGTH   AND    SPECIFIC    GRAVITY. 

Plate  XI  exliibits  the  relation  found  to  exist  between  crushing  strength  and  specific  gravity 
or  weight.     Assuming  this  curve  to  be  a  i)araboIa,  its  equation  would  be — 

Undwise  crufthinf/  st re ngth  — 4,000  -f  0,300  VlSp.  GravT— .  47  .  .  (3) 
The  diagram  (Fig.  12)  shows  the  relation  between  the  "average  quality''  of  the  timber 
and  its  sjiecific  gravity.  In  this  case  each  quality  was  represented  by  a  percentage  of  its  own 
average,  and  then  the  average  of  all  those  percentages  was  taken  as  "  average  quality"  of  eacli 
tree  in  compai'ison  with  the  "average  quality"  of  all  other  trees.  Here,  also,  a  regular  increase 
in  average  strength  with  an  increase  in  si)ecifie  gravity  is  indicated.  It  was  to  be  presumed  that 
this  would  be  the  case,  when  the  results  ai^e  all  reduced  to  a  standard  dryness,  since  then  tlie 
weight  per  unit  volume  is  a  true  measure  of  t\u'  amount  of  woody  fiber  and  resinous  matter  in 
the  timber,  and  those  in  the  same  species  determine  to  some  extent  the  strength. 

RANGE    OF   INDIVIDUAL   RESULTS   AS    COMPARED    WITH    THE   AVERAGE    OF   ALL.      * 

In  Fig.  13  is  shown  a  series  of  curves  which  indicate  the  number  of  results  of  each  kind  of  test 
falling  within  given  limits.  Thus,  the  most  accordantresults  were  those  of  the  endwise  crushing 
tests,  over  one  third  of  which  (150  in  430)  fell  between  95  per  cent  and  105  per  cent  of  the  mean 
of  all,  while  none  of  them  fell  below  00  per  cent  or  above  140  per  cent  of  the  mean,  whereas  iu 
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tension  only  270  tests  fell  between  75  per  cent  and  125  per  cent  of  the  mean,  while  some  fell  as 
low  as  25  per  cent  ay.d  some  were  as  higli  as  190  per  cent  of  the  mean. 

The  greater  uniformity  of  the  tests  in  compression  can  be  exphiined  by  the  fact  that  in  this 
case  some  ten  square  inches  were  always  under  test,  whereas  in  tension  only  about  one  square 
inch  was  under  test. 

If  but  a  single  test  is  to  be  made  of  timber,  the  compression  endwise  gives  the  best  indication 
of  the  general  value  of  the  wood. 
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RELATIVE    AVERAGE    STRENGTH 
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Fig.  12. — Distgr.im  showing  the  relation  between  strength  and  weight 
when  reduced  to  a  standard  dryness  of  15  per  cent  moisture.  Long-leaf 
yellow  pine  {Phnis  pahistris). 

VARIATION   IN   STRENGTH   OF   DIFFERENT   TREES. 


The  accompanying  diagram  (Pig.  14),  showing  the  variation  in  strength  of  different  trees, has 

been  made  up  from  the  results  recorded  in  Table  III.     This  table  gives  iu  bold-fticed  type  the  mean 

results  of  all  tests  on  specimens  taken  from  the  first  20  feet  of  the  tree  (butt).     The  light-faced  type 

gives  tlie  percentage  which  eacli  result  is  of  the  mean  of  all.     The  average  of  these  percentages 
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for  any  oue  tree,  given  in  the  last  column  of  Table  III,  represents  an  average  percentage  of  all 
qualities,  or  it  may  he  considered  an  indication  of  tlie  relative  average  quality.  These  averages 
have  been  used  in  plotting  the  accomj^anying  diagram,  in  the  order  of  their  magnitude.  ■  No 
attempt  is  made  here  to  explain  the  aj^parent  discrepancy  of  20  -per  cent  between  the  lowest  and 
highest  average  quality,  any  further  than  to  call  attention  to  the  fact  that  in  a  general  w^ay  this 
variation  in  strength  corresi)onds  fairly  well  with  the  variation  in  specific  gravity. 

COMPARISON    OF    SINGLE    QUALITIES   WITH   THE    AVERAGE    QUALITY. 

While  the  relations  which  exist  between  the  relative  average  quality  of  a  tree  and  its  relative 
standing  in  specific  gravity,  comj)ressive  and  cross-breaking  strength  (exhibited  in  Fig.  14),  all 
agree,  in  a  general  way, with  those  trees  which  give  less  values  in  one  of  these  directions  having  less 

120  % 


Fig.  14. — Relative  average  (juality  of  different  trees  as  compared  with,  strength  in  cross-breaking  and  crushing 

endwise.     Long-leaf  pine  {Pinna  palustris). 

values  in  all  the  others  here  named.  In  some  other  matters  the  agreement  is  not  so  close,  as  may  be 
found  by  plotting  thecorresiDonding  percentages  giVen  in  Table  III  ui)on  this  figure.  It  has  been 
well  established  that  strength  is  no  function  of  the  width  of  the  annual  rings.  It  is,  however,  a 
function  of  the  proportion  of  summer  wood  to  spring  wood  in  each  annual  ring,  or,  since  the  sum- 
mer wood  is  always  more  dense,  this  is  the  same  as  saying  that  the  strength  is  a  function  of  the 
density  or  of  the  specific  gravity,  which  relation  is  clearly  shown  in  Fig.  14,  as  well  as  in'.Plate  xi. 

-,  RELATIVE  STRENGTH  OF  LARGE  AND  SMALL  BEAMS. 

In  Table  IV  the  mean  results  of  all  tests  on  large  and  small  beams  are  tabulated  separately. 
By  comi^aring  these  mean  values,  as  given  at  the  bottom  of  Table  IV,  we  are  forced  to  conclude — 

(1)  That  large  beams  are  from  10  to  20  per  cent  weaker  in  ultimate  strength  than  the  corre- 
sponding 4x4  inch  beams  from  the  same  logs. 

(2)  That  large  beams" are  stronger  at  their  elastic  limits  than  the  small  beams  from  the  same 
logs. 
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LOG  I.  TREE  52 
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RELATIVE  ELASTIC  RESILIENCE 
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Pi(i.  15.— Results  of  tests  on  4"x4"  sticks  from  log  1,  tree  52,  Phnia  pabistris,  showing  variation  of  strength  acros*- 

section  of  log.     Long-leaf  pine  (Pinus  ^a?i(S<ris).  y 
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(3)  That  large  beams  are  stiffer  in  proportion  to  their  size  than  the  small  beams.  In  other 
words,  the  modulus  of  elasticity  as  determined  from  a  large  beam  is  greater  than  that  determined 
from  a  4-inch  square  15eam  from  the  same  log. 

Caution;  It  must  be  borne  in  mind  that  the  number  of  tests  on  large  sticks  here  offered  in 
evidence  is  too  small  to  base  much  of  an  argument  upon;  also  that,  as  shown  by  the  log  dia- 
grams in  Table  IV,  the  4  inch  beams  were  taken  from  nearer  the  sapwood  than  the  large  sticks, 
and  this  alone  may  fully  explain  all  the  differences  found. 


MODULUS    OF  ELASTICITY 


STRENGTH  IN  LBS.  PER  Stt, IN- 

■»  Fig.  16. — Variation  of  strength  with  distance  from  the  ground.     Long-leaf 

Tpino  {Piiius  paliistrix). 

VARIATION   IN   STRENGTH   ACROSS   THE    SECTION   OF    THE   LOG. 

In  Fig.  15  are  shown  the  plotted  mean  results  of  tests  on  different  portions  of  the  ci-oss- section 
of  a  bottom  log.  These  results  are  from  one  log  only,  but  many  other  similar  studies  show  sim- 
ilar relations,  so  that  for  any  full-grown  tree  the  butt-log,  at  least,  will  show  similar  variation. 
The  general  law  is  that  the  outer  rings  of  anmial  growth  are  the  weakest  portions  of  the  log,  readily 
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explained  by  the  fact  that  here  the  cell  walls  are  thinuer.     Passing  towards  the  heart,  the  strength 

increases  and  reaches  a  niaximuin  in  the  butt  of  a  mature  tree  at  a  distance  of  about  one-third  of  ^ 

the  radius  from  the  lieart.     hi  the  immediate  vicinity  of  the  heart  the  strength  decreases  again. 

In  very  old  trees  this  strength  may  diminish  to  zero,  the  lieart  portion  decajung  and  wasting  away 

entirely.     For  the  upper  parts  of  a  tree,  the  central  heart  portion  is  doubtless  the  strongest  part 

of  the  log. 

The  variation  of  strength  is  not  great,  however,  as  shown  in  Fig.  15,  the  range  being  only  about 
12  per  cent  of  the  average  strength,  namely  from  4  per  cent  below  to  8  per  cent  above  the  mean 
strength  of  all  the  sticks  in  this  log. 

In  crushing  across  the  grain  and  in  shearing  there  seemed  to  be  no  relation  of  variation  of 
strength  and  radial  situation  within  the  log  exhibited. 

VARIATION    OF    STRENGTH   AT   DIFFERENT   HEIGHTS   FR03I   THE    GROUND.   ' 

In  Fig.  1C>  is  sliown  the  diminution  in  stieiigth  at  increased  distances  from  the  base  of  the  tree 
under  the  ordinary  kinds  of  stress.  The  modulus  of  elasticity  (stiflt'ness)  and  the  tensile  strength 
show  greatest  loss,  each  losing  about  10  per  cent  of  their  strength  at  a  height  of  70  feet.  The 
cross-breaking  strength  is  reduced  by  one-third  and  the  crushing  endwise  strength  by  only  about 
one-fiftli  in  this  distance.     The  first  20  or  30  feet  of  the  tree  seems  to  be  of  about  a  constant  strength. 

SHEARINCf   AND    CRUSHING   STRENGTH   PARAX,LEL,  AND    TRANSVERSE    TO  THE   ANNUAL   RINGS. 

The  shearing  tests  were  made  in  two  ]ilanes  at  right  angles  to  each  other  on  each  stick. 
Whenever  these  shearing  i^lanes  came  j>arallel  and  i^erpendicular  to  the  annual  rings,  an  opportu- 
nity was  offered  for  determining  the  difference  in  strength  in  these  two  ways.  The  mean  results 
from  seventy-five  sucli  cases  showed  a  shearing  strength  on  phmes  parallel  to  the  annual  rings  of 
579  pounds  per  square  inch,  and  perpendicular  to  or  across  the  rings  of  610  pounds  per  square 
inch,  a  difference  of  0.2  })er  cent.  In  a  similar  way  the  crushing  strength  across  the  grain  was 
found  to  be  (mean  of  70  tests)  1,106  pounds  yev  square  inch,  while  jiarallel  to  the  grain  it  was  1,257 
pounds  per  squnre  iin-h  at  the  3  per  cent  distortion  limit,  or  a  strength  12.8  per  cent  greater  parallel 
to  the  annual  rings.     These  j)ercentages  are  both  too  small  t^  take  any  account  of  in  actual  jirac, 

tice,  and  can  therefore  be  ignored  in  this  species  of  timber. 

I 

SHRINKAGE   IN   SEASONING.* 

Plate  XI  seems  to  indicate  that  the  specific  gravity  remains  practically  constant  as  the  per 
centage  of  moisture  diminishes  from  30  to  15  per  cent  of  the  dry  weight.  This  implies  that  the 
diminution  of  volume  is  practically  equal  to  the  diminution  of  weight,  so  that  the  weight  of  unit 
volume  is  about  constant.  This  probablj^  holds  true  in  all  timbers  for  slight  variations  in  the 
percentage  of  moisture  of  seasoned  lumber  or  for  changes  in  moisture  between  10  and  20  per  cent. 
Ordinary  seasoned  lumber,  left  out  of  doors,  will  retain  about  15  per  cent  moisture,  computed  on 
the  dry  weight,  while  wood  used  indoors,  as  in  house-finishing,  furniture,  etc.,  will  retain  about 
10  iier  cent. 

EFFECT   OF   BOXING   OR   BLEEDING   FOR   TURPENTINE    ON    STRENGTH    OF    TIMBER. 

In  a  circular  by  the  Forestry  Division  (Xo.  8)  a  preliminary  statement  of  results  of  tests  on 
timber  bled  for  turpentine  was  made,  which  contained  the  following  language: 

Cue  series  of  tests  was  iiistitiitiMl  ti>  determine  the  effect  which  the  practiccof  gathering  resinous  matter  for  the 
maiinfaetiire  of  tur))eutiiie  and  naval  stores  from  tlic  long  ieaf  jiine  of  tlie  South  may  have  upon  tlie  strengtli  of  the 
timber  of  trees  subjected  to  this  jiractiee. 

The  gathering  of  resin  is  done   by  cutting  a  recess  (box)  into  the  foot  of  the  tree,  whicli  is  called   ••  boxing" 
the  tree,  and  then  scarring  (chipping)  the  trunk  above  the  box,  increasing  the  size  of  the  scar  from  year  to  year.  . 
From  this  scar  the  semi-liquid  resin  exudates  and  drains  into  the  box;  this  process  is  continued  for  four  years  and 
then  the  trees,  lessening  in  >  ield.  are  abandoned. 


""  Special  studies  on   tliis  (juestiou  arc-  carried  on  in   the  physical  laboratory  by  Mr.Jt'"'.  Roth,  aud  will  be  pub- 
lished as  soon  as  completed. 
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The  curreut  public  belief  has  been  that  the  timber  of  these  "  boxed"  trees,  sometime.?  called  ''turpentine  tim- 
ber," is  deteriorated  by  the  process.  Not  only  is  its  durability,  in  which  this  species  excels,  believed  to  be 
lessened,  but  also  its  streaigth,  and  hence  its  value  in  the  market  has  been  considerably  reduced. 

•  Since  annually  from  500,000  to  750,000  acres  of  this  pine  are  boxed,  involving  in  this  assumed  deterioration,  at  the 

lowest  estimate,  1,000,000,000  feet,  B.  M.,  of  lumber,  a  considerable  loss  in  values,  counting  by  millions  of  dollars,  is 

thereby  incurred.*     The  tests  conducted  in  the  test  laboratory  at  St.  Louis,  in  charge  of  Prof.  J.  B.  Johnson,  give 

countenance  to  the  important  conclusion  that  "  turpentine  "  timber  seems  to  possess  greater  strength  than  timber 

■  from  unboxed  trees. 

The  followiiig  condensed  table  of  results  was  given : 

Comparative  strength  of  "boxed"  and  "unboxed"  long-leaf  pine. 


'Boxed  "  timber: 

25  .sticks  "green " 

25  .stick,s  ' '  dry  " 

Percentage  of  change 

Percentage  of  change  to  rednie  to 
20  per  cent  moisture 

Mean  of  115  tests 

Corrected  for  20  per  cent  moisture 
'Unboxed"  timber: 

Mean  of  1S3  tests 

Excess  of  "boxed"  over  "un- 
boxed" timber 

Excess  "boxed"  over  "unboxed," 
per  cent . . . 


Specific 
gravity. 

Per  cent 

of 
moisture. 

Tensile 
strength. 

0.  759 
.087 
-  9.  5 

Per  cent. 
30.  91 
18.91 
—39.0 

Llis.  per 

sq.  inch. 

15,448 

14,  757 

—4.2 

—8.  5 
.760 
.690 

—3,5 
30.9 
20.0 

—.3.8 
15,985 
15,485 

.710 

20,0 

16,429 

—  .014 

0.0 

— .  944 

—2.0 

0.0 

—5.7 

Compress- 
ive stren  gth 
endwise. 


Cross- 
breaking 
strength. 


Lbs.  per 
sq. inch. 
4,755 
6,027 
-f-39.4 

+  35.5 
5,118 
6,  935 

5,  661 

+  1,274 

+  22.5 


Lbs.  per 
sq. inch. 
8,709 
11,330 
+  30.1 

+  27.0 

8,988 

11,118 

9,333 

+  1,785 
+  19.2 


Modulus 

of 
elasticitj-. 


Jjbs.  per 
sq.  inch. 
1,. 566,  400 
1,  044,  360 
+  4.9 

+  4.4 
1,  623,  000 
1,  694,  000 

1,800,000 

—106,  000 

—5.9 


Elastic 
resilience. 


In  lbs. 
per  en.  in. 
1.73 
2.  71 
+  56.6 

+  51.0  ■ 
1.83 
2.76 

1.92 

+  .84 

+  43.8 


Compress- 
ive strength 
across  grain. 


Lbs. per 
sq.inch. 
680 
1,064 
+  56.5 

+  51.0 

743 

1, 122 

855 

+  267 

+  31.2 


Shearing 
strength. 


Lljs.  per 
sq.  inch. 
540 
648 

-f  20.  0 

+  18.0 
539 
636 

652 

-16 

—2.4 


We  give  in  Table  III  the  average  results  on  all  '-butt"  cuts  or  bottom  logs  of  all  trees  tested. 
The  first  ten  trees  were  uubled,  while  the  remaining  sixteen  were  bled.  Eight  of  these  latter 
(Nos.  52-59)  were  taken  from  an  orchard  which  had  been  abandoned  five  years;  the  rest  (Nos. 
60-67)  were  from  an  orchard  still  in  service. 

The  percentages  given  in  light-faced  type  in  this  table  are  obtained  by  dividing  each  test 
result  by  the  average  re.sults  for  the  same  kind  of  tests  given  in  the  first  four  lines  of  the  averages 
at  bottom.  The  last  five  vertical  columns  of  the  table  are  derived  from  these  percentages.  The 
"average  quality"  percentage  for  each  tree  represents  the  average  of  eight  qualities,  or  it  shows 
the  "  relative  average  quality"  of  this  tree  as  referred  to  the  average  of  all  in  its  group.  These 
average  percentages  are  given  in  column  17.  In  column  18  are  given  the  percentages  of  each 
tree  (average  quality)  as  related  to  that  of  all  of  its  kind,  bled  or  unbled.  In  column  19  are  given 
the  percentages  of  ea(;h  group  of  trees  (average  quality)  as  related  to  that  of  all  of  its  kind,  bled 
or  unbled.  These  percentages  show  the  two  groups  of  unbled  timber  to  be  of  exactly  equal  gen- 
eral strength,  while  it  indicates  that  freshly  bled  timber  was  4  per  cent  stronger  than  that  from 
the  trees  which  had  been  abandoned  five  years. 

The  relative  strengtfi  of  bled  and  unbled  timber  is  given  in  column  20,  where  the  percentage 
of  each  kind  is  given  in  terms  of  the  average  of  all,  giving  both  kinds  etjual  weight.  These  i>er- 
ceutages  show  that  the  butt  cuts,  or  bottom  logs,  of  bled  timber  are  about  7  per  cent  stronger  than 
those  from  natural  or  unbled  trees. 

By  consulting  ]iercentage  figures  in  the  third  and  fourth  lines  from  the  bottom,  it  appears  that 
in  all  of  the  eight  (pialities  except  two,  stiffness  and  tensile  strength,  the  bled  timber  is  superior. 
In  cross-breaking  it  is  3.4  per  cent  .stronger ;  the  elastic  limit  in  cross-bending  is  7  i^er  cent  sti  onger ; 
in  elastic  resilience  it  is  15.G  per  cent  stronger;  in  crushing  endwise  it  is  7.2  stronger;  in  crushing 
across  the  grain  it  is  23  x)er  cent  stronger;  and  in  shearing  it  is  13.8  per  cent  stronger.  The  bled 
fimber  is,  however,  6.2  per  cent  more  flexible  and  10.4  per  cent  weaker  in  tension. 

These  results^  prove  conclusively  that,  to  say  the  least,  the  extracting  of  the  turpentine  from 
long-leaf  yellow-pine  trees  does  not  in  any  material  sense  injure  them,  so  far  as  strength  qualities 
are  concerned.  The  bled  timber  is  also  slightly  heavier  in  the  bottom  cuts,  by  about  two  pounds 
per  cubic  foot,  as  sliown  by  the  average  specific  gravities. 


*  Later  information  would  increase  the  average  annually  added  to  the  turpentine  orchards  to  nearly  1,000,000 


acres, 
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FIELD  REPORT  ON  TURPENTINE  TIMBER. 

By.  FiLIBERT  KOTH. 

To  learn  -what  was  known  to  practical  men,  sawmillers,  and  dealers  with  regard  to  the  matter 
of  "bled"  and  "nnbled"  yellow  longleaf  pine,  a  special  journey  was  undertaken  by  the  writer  to 
the  principal  pine  districts  of  Alabama,  Georgia,  and  the  Carolinas.  Through  the  great  courtesy 
of  every  person  visited,  valuable  information  was  collected. 

The  following  condensed  summary  contains  this  information  in  brief  form : 

(1)  Most  of  the  timber  in  Georgia  and  the  Carolinas  is  bled.  lu  Alabama  only  a  small  part  is 
said  to  be  bled.  The  same  answer  i)ertains  probably  to  Mississippi  and  Louisiana,  and  in  Texas 
probably  no  bleeduig  is  practiced. 

(2)  There  is  no  attempt  made  in  the  mills  to  keep  bled  and  unbled  timber  separate,  nor  in 
the  yard. 

(3)  To  the  question  whether  bled  and  unbled  lumber  can  be  distinguished,  the  universal 
answer  was  negative.  Of  the  few  exceptions,  three  belong  to  South  Carolina,  one  to  Georgia,  and 
four  to  Alabama.  Neither  of  these,  when  brought  to  test  or  asked  to  state  the  distinction,  were 
successful. 

(4)  Experts  in  lumber  being  put  to  test,  were  said  never  to  have  been  successful  in  distinguish- 
ing bled  from  unbled  lumber. 

(5)  Orders  for  Inniber  specifying  that  it  be  all  unbled  are  not  uncommon,  though  it  is  said  in 
Atlanta,  Ga.,  they  are  less  common  than  some  years  ago. 

(6)  Serious  troubles,  involving  considerable  loss  of  money,  have  arisen  out  of  this  matter  in 
Alabama  and  Georgia. .  These  were  never  settled  by  selecting  the  bled  from  the  unbled  lumber, 
but  hnd  to  be  compromised. 

The  most  instructive  case  of  this  kind  was  related  in  Alabama.  It  was  a  case  with  the 
Louisville  and  Jfashville  Railroad  Company,  who  accept  only  unbled  lumber.  The  lumber  was  to 
be  furnished  by  a  mill  which  cuts  only  unbled  timber.  Circumstances  retarded  the  work  at  this 
mill,  and  another  mill  was  engaged  to  furnish  ])art  of  the  lumber,  without  special  consent  of  the 
railway  company.  When  the  latter  learned  of  it,  they  remonstrated:  the  miller  ottered  to  take 
back  all  that  could  be  picked  out  as  bled  lumber.  The  railway  engineers  failing  to  distinguish 
the  lumber,  the  niatter  had  to  be  droi^ped. 

(7)  Regarding  the  effect  of  four  years'  bleeding  upon  the  lumber,  the  following  answers  were 
given : 

(a)  It  makes  it  more  "pitchy." 

(h)  It  is  less  "pitchy,"  except  in  the  butt. 

(o)   It  frees  the  sap  of  resin,  but  leaves  the  heart  unaffected. 

(d)  It  leaves  the  tree  unaflected,  except  in  the  bxitt. 

{e)   It  produces  "fat  streaks"  and  large  amounts  of  "light  wood." 

(S)  Regarding  the  question  whether  bled  lumber  works  better  than  unbled,  the  answer  was . 
both  ways,  yes  and  no;  but  it  was  admitted  commonly  that  petroleum  was  used  in  either  case  to 
keep  the  knives  clean. 

(9)  Regarding  the  question  whether  bled  lumber  lasts  as  well  as  unbled;  three  answers  were 
given.  The  general  answer  was,  no;  in  Georgia  it  was,  yes,  and  there  it  was  even  maintained 
that  it  lasts  longer.  Everywhere  it  was  contended  that  at  least  the  butt  log^lasts  longer  as  timber 
or  piling.    For  inside  work  no  difference  was  made, 
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(10)  Does  bleeding  lessen  the  value  of  the  timber?  The  common  answer  was,  "yes'*;  fre- 
quently, however,  in  a]Ai)arts,  "no" ;  in  Georgia  it  was  contended  that  bleeding  improves  the  timber. 

(11)  It  was  generally  stated  tliat  the  yield  per  acre  for  the  saw-miller  was  reduced  by  the 
practice  of  turpentine  orcharding,  even  though  he  followed  the  turi)cntine  man  at  once. 

(lii)  Abandoned  orchards  are  always  visited  by  lircs  and  these  fires  always  rednce  the  yield 
of  saw  timber  per  acre  to  a  very  large,  although  variable,  extent. 

According  to  one  of  Georgia's  foremost  lumbermen,  an  orchard  bled  four  years,  and  then  left 
two  more  years  because  the  miller  was  not  ready  for  it,  lost  60  i^ercent  of  its  mill-sized  tiud:)ei\ 

(13)  It  is  common  for  turjientine  men  to  box  timber  far  under  mill  size.  The  miller  can  use 
only  from  20  to  50  -per  cent  of  the  boxed  timber  and  the  bled  trees  not  used  by  the  miller  mostly 
die  oft". 

(14)  If  fire  is  kept  out  the  bled  trees  remain  alive,  but  are  said,  in  North  Carolina  at  least, 
not  to  be  fit  for  lundjer. 

From  the  foregoing  statements  it  appears  that  all  lumbermen  are  agreed  upon  the  following- 
important  points : 

(1)  That  a  large  proportion  of  the  yellow  or  long-leaf  pine  lumber  is  from  bled  trees. 

(2)  That  it  is  never  kept  apart  or  distinguished  from  the  unbled  by  either  millers  or  dealers. 

(3)  That  ho  available  criteria  exist  by  which  to  distinguish  the  two  kinds  of  lumber  after 
manufacture. 

It  is  also  plain  that  the  opinions  regarding  difference  in  quality  or  the  iulluence  ,of  bleeding  on 
the  timber  or  lumber  are  too  contradictory  to  be  convincing,  and  also  that  the  harm  which  follows 
the  practice  of  bleeding  lies  not  in  the  injury  to  lumber,  but  consists  in — 

(1)  Bleeding  of  trees  too  small  for  the  sawmill. 

(2)  Bleeding  of  tracts  of  timber  not  ready  for  the  miller  at  the  time  of  abandonment. 
Careful  examination  in  the  laboratory  and  in  the  field  did  not  confirm  any  of  the  opinions 

with  regard  to  the  ettects  of  bleeding.  Some  of  the  most  resinous  logs  were  from  orchards  in 
South  Carolina;  some  of  the  "driest"  from  unbled  forests  in  Alabama.  The  ordinary  "fat  streak" 
is  a  small  wound  made  and  healed  over  at  a  time  when  the  place  is  still  at  the  periphery  or  out- 
side of  the  tree,  therefore,  it  is  sometimes  made  more  than  a  hundred  years  before  the  bleeding- 
occurred.  The  long  reaches  of  "light  wood"  are  met  in  unbled  timber.  Weight  and  color  are 
more  dependent  on  the  proportion  of  simng  and  summer  wood  than  on  the  amount  of  resin  (except 
in  lightwood)  and  can,  therefore,  not  serve  as  distinctions. 

The  effect  of  bleeding  on  the  forests  appears  at  first  as  loss  of  foliage  or  thinning  of  the  crown 
and  some  trees  are  evidently  killed  in  two  seasons  of  bleeding;  old  abandoned  orchards  every- 
where are  the  very  j)icture  of  desolation  and  ruin.  The  old  long  bled  trees  of  North  Carolina  are 
runts,  and  show  that  with  the  methods  at  present  pu.rsued  by  the  turpentine  orchardists,  the 
extraction  of  resin  may  sometimes  be  carried  on  for  long  periods,  but  not  without  injury  to  the 
health  and  thrifty  growth  oT  the  trees. 
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A  CHEMICAL  STUDY  OF  THE  RESINOUS  CONTENTS  AND  THEIR  DISTRIBUTION  IN 
TREES  OF  THE  LONG-LEAF  FINE,  BEFORE  AND  AFTER  TAPFING  FOR  TURPENTINE. 


By   M.    GOMBERG. 


Botanists  tell  iis  that  resins  are  prodnced  by  the  disorganization  of  cell  walls  and  by  the 
breaking-  down  of  starch  grannies  of  cells.  Chemists  believe  that  resins  are  oxidation  products  of 
volatile  oils,  the  change  being  expressed  by  formula  as  follows:  2CioHi6  +  30  =  C2oH3o024-H2  0. 

Whatever  view  be  correct  *  one  thing-  is  certain,  and  that  is  that  the  formation  of  either  resins 
or  essential  oils  requires  the  presence  in  the  tree  of  those  peculiar  conditions  which  we  call  vital. 
The  tree  must  live,  must  be  active,  must  assimilate  carbon  dioxide  and  imbibe  moisture,  in  order 
that  oil  of  turpentine  and  rosin  be  formed. 

The  heart  of  the  tree  is  the  dead  part  of  it.  It  does  not  manufacture  any  turpentine.  A  x>art 
of  the  oleoresin  in  it  had  been  formed  when  the  heart  wood  was  yet  sap  wood,  and  remained  there 
after  the  change  from  sap  to  heart  had  taken  place.  It  is  also  x>robabIe  tlu»t  the  heart  of  the  tree 
acts  as  a  storehouse  in  which  there  is  deposited  a  jjortion  of  the  oleoresin  formed  in  the  leaves 
and  sap. 

When  a  tree  is  tapped  for  turpentine  there  are  two  jiossible  changes  that  might  be  supposed 
to  take  place:  (1)  The  tree  may  be  considered  as  placed  in  a  pathological  condition,  when  it  will 
strive  to  produce  a  larger  amount  of  oleoresin  in  order  to  sui^i^ly  the  amount  removed.  In  a  few 
years  the  energy  of  the  tree  will  be  exhausted,  and  the  amount  freshly  supplied  will  fall  far  below 
the  amount  of  oleoresin  drawn  off  by  the  tapping.  The  tapping  will  then  have  to  be  discontinued. 
The  oleoresin  in  the  heart  wood  will  in  this  case  remain  untouched.  (2)  The  oleoresin  iire-viously 
stored  aAvay  in  the  heart  might,  by  some  unknown  means  and  ways,  also  be  directed  toward  the 
wound. 

If  the  first  change  takes  place  then,  the  tapping  will  have  little  effect  upon  the  chemical  com- 
position of  the  heart  wood.  If,  however,  the  second  condition  prevails  during  ta])ping,  then,  of 
course,  the  heart  wood  will  be  seriously  affected  for  some  time  after  tapping,  and  will  contain  a 
much  smaller  amount  of  oleoresin  than  it  contained  before  tapping.  Moreover,  the  tapping  may 
affect  not  only  the  amount  of  oleoresin,  but  also  the  quality  of  the  new  product  and  the  relative 
distribution  of  volatile  and  nonvolatile  products. 

For  this  reason  the  chemical  side  of  the  problem  has  been  approached  by  parallel  analyses  of 
tapped  or  untapped  trees  for  their  relative  amounts  of  turpentine.  It  was  hoped  that  by  a  large 
series  of  analyses  an  average  might  be  obtained  showing  whether  tapped  and  untapped  trees  differ 
from  each  other  in  that  respect. 

CHEMICAL    COMPOSITION   OF  TURPENTINE. 

Under  the  name  of  turpentine  is  known  an  oleoresinous  juice  produced  by  all  the  coniferous 
trees  in  greater  or  less  amount.  It  is  found  in  the  wood,  bark,  leaves,  and  other  parts  of  the  trees. 
It  flows  freely  as  a  thick  juice  from  the  incisions  in  the  bark.  It  consists  of  a  resin  or  resins  dis- 
solved in  an  essential  oil ;  the  latter  is  separated  from  the  former  usually  by  distillation  -with  steam. 

There  are  many  varieties  of  turpentine  corresponding  to  the  differeni  varieties  of  Coniferee, 

*  The  one  vie-w  does  not  exclude  the  other. 
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but  only  three  are  commercially  important,  as  tlie§^  are  tlie  source  of  the  three  principal  oils  of 
turpentine. 

(1)  The  turpentine  oi  Pinus  pinaster  (syn.  P.  maritima)  collected  in  the  southern  departments 
of  France  around  Bordeaux.  From  it  is  obtained  the  French  turpentine,  which  yields  25  per  cent 
of  volatile  oil, 

(2)  The  turpentine  from  Pinus  palustris,  P.  Ueda,  P.  Cuhensis,  collected  in  the  Southern  sea- 
bordering  States  from  ISTorth  Carolina  to  Texas.  From  them,  principally  from  the  first  source,  is 
obtained  the  English  or  American  oil  of  turpentine,  which  yields  17  per  cent  of  volatile  oil.  For- 
merly the  P.  rigida  was  also  worked  for  turpentine  in  the  North  Atlantic  States,  but  it  is  now 
exhausted. 

(3)  The  turpentine  from  Pinus  laricio  var.  Austriaca,  collected  mainly  in  Austria  and  Galicia. 
From  it  is  obtained  the  German  turpentine  oil,  which  yields  32  i>er  cent  of  volatile  oil. 

The  Russian  oil  of  turpentine  is  obtained  from  Pinus  sylvestris  and  Pinus  Ledebourii,  by  the 
direct  distillation  of  the  resinous  wood,  without  previously  collecting  the  turi^entine.  It  is  said 
to  be  identical  with  the  G-erman  oil  of  turpentine,  but  more  variable,  as  it  contains  products  of 
destructive  distillatioji  both  of  wood  and  n)sin. 

The  turpentines  from  the  different  sources  differ  from  each  other — (1)  in  their  action  upon 
polarized  light,  (2)  in  the  relative  amounts  of  volatile  oil  they  yield  on  distillation  with  steam,  and 
(3)  in  the  nature  of  the  volatile  oils  they  contain. 

Golopliony. — The  resin  in  the  different  varieties  of  turpentine  is  practically  the  same.  It  is 
known  as  common  rosin  or  colophony.*  •  It  consists  chemically  of  a  mixture  of  several  resin 
acids  and  their  corresponding  anhydrides.  The  chief  constituent  is  abietic  anhydride,  O44H62O4, 
abietic  acid  being  044H64O5.  The  crystals  that  are  noticed-in  crude  turpentine  are  the  free  abietic 
acid;  on  melting  the  thick  turpentine,  or  on  distilling  the  volatile  oil,  the  acid  is  changed  to  the 
anhydride.  Colophony  is  nonvolatile,  tasteless,  brittle,  has  a  smooth  shining  fracture,  s^j.  gr. 
about  1.08.     It  softens  at  80°  C,  and  in  boiling  water  melts  comx)letely  at  135°  C. 

The  volatile  oil. — The  second  principal  constituent  of  turpentines  are  the  volatile  oils.  The 
chief  ingredient  of  the  three  turpentine  oils  is  a  hydrocarbon  of  the  same  composition,  CioHifij 
nevertheless  the  three  oils  have  distinct  hydrocarbons  differing  from  each  other  in  physical  if  not  in 
chemical  properties.  The  empirical  formula  of  the  hydrocarbon  is  CioH,6,  and  according  to  the 
latest  researches  of  Wallach  t  it  has  the  following  structural  formula : 

CH(CH3)Z 

I 

CH 


HC 


CHz 


C.CHi 


thus  being  a  dihydro-para-cymene,  paracymene  being  C;oHi4, 


HC 


CH(CHs)2 

I 
c 


CH 


CH 


CXH3 


The  position  of  this  particular  terpene,  pinene,  will  be  best  seen  from  the  general  classification 
of  terpenes  taken  from  Wallach. f 

I. — Hemiterpenes,  or  Peiiienes   of  the  formula  CsHg. 
II. — Terpenes  or  Dipentenes,  of  the  formula  CuiHie. 

(1)  Pinene,  obtained  from  many  varieties  of  turpentine. 

(2)  Camphene,  obtained  artificially  from  camphor. 

"  Colophon,  a  city  of  Ionia,  whence  rosin  was  obtained  by  the  Greeks. 
tAnn.  Cham.  (Liebig),  239,  49;  Ber.  d.  Chem.  Ges.,24,  1545. 
tAun.  Chem.  (Leibig),  227,  300:  Ber.  d  (Chem.  Ges.),  24,  1527. 
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(3)  Fenchene.  obtaiueil  artirtcially  from  fenchone,  a  constituent  of  jliauy  feunel  oils. 

(4)  Liinoiieiic  occnra  in  oraup;e-peel  oil,  in  oils  of  lemon,  liergamot,  cummin,  etc. 

(5)  Dipciitciic,  obtained  artificially  from  pinene.     Occurs  in  Russian  an  1  .Swetlish  turpentine. 

(6)  Si/h-cstrenr,  occurs  inEussian  and  Swedish  turpentine. 

(7)  Phclandrene,  occurs  in  the  oils  of  bitter  fennel  and  water  fennel,  clemi,  eucalyptus. 

(8)  Terp'nienr,  occurs  in  oil  of  cardamom. 

(9)  Tcrpinolene.  only  .slightly  known. 

III. — rohjterpriii:-!,  of  the  ibrmala  (C'.=,Hs)n,  as  cedrenes  C').=,H;,,  caoutchouc  fC.^H»)„,  etc. 

The  hydrocarbon  of  the  American  and  French  oils  of  turpentine  is  ])iii('ne.  It  is  dextro- 
rotatory when  obtained  from  the  xVmerican  turjientine  oil,  and  is  known  as  (Distro-terebinthene  or 
australene;  hevo-rotatory  wlien  obtained  from  the  Frencli  turpentine  oil,  and  is  known  as  terc- 
hinilienc.  Otherwise  the  two  hydrocarbons  agree  entirely  in  specific  gravity,  boiling  jioint,  and 
behavior  towards  cheniii'al  reagents. 

The  hydrocarbon  of  the  Russian  oil  of  turi)entine  is  sylrcsfyenc.  It  is  dextro-rotatory,  and 
has  a  higher  boiling  point  than  liinene.  The  latter  boils  at  155"^  to  156°  C,  the  former  at  175'^  to 
178^  0. 

But  even  the  turpentine  oils  of  high  grade  as  found  on  the  market  do  not  consist  of  pure 
pinene;  especially  is  this  true  of  ordinary  oil  of  tur])entine,  -which  is  obtained  from  the  cruder 
turpentine  by  a  single  distillation  with  steam.  Different  samples  Y^vy  from  one  another  consider- 
ably in  their  specific  rotary  power  as  well  as  in  their  boiling  point. 

American  oil  of  turpentine  has  a  density  of  0.804'^  to  0.870°.  According  to  Allen*  it  begins 
to  boil  at  a  temperature  between  156°  and  l(iO°  C,  and  fully  passes  over  below  170°  (?.  "A  good 
sample  of  rectified  American  oil  will  give  00-93  per  cent  of  distillate  below  165°,  the  greater  part 
of  which  will  pass  over  between  158°  and  160°"t,  while  in  the  experience  of  J.  H.  Long,t  "In 
the  examination  of  a  large  number  of  pure  commercial  samples  of  turpentine  oil  it  was  observed 
that  the  boiling  point  was  uniformly  at  155°  to  156°,  and  that  85  per  cent  of  the  samples  distilled 
between  155°  and  163°.     The  distillation  is  practically  comi)letc  below  185°  C." 

Then,  again,  as  found  by  Long,  the  vapor  densities  of  many  samples  of  oil  are  too  high  to 
allow  the  formula  CinH,,;  for  the  entire  oil.  Fractions  of  different  bo-iling  points  show  different 
degrees  of  specific  rotation.  All  this  would  indicate  tliat  ordinary  turpentine  oil  contains  hydro- 
carbons heavier  than  iHii'C  pinene,  Cii,H„).  They  are  probably  either  isomeric  with  pinene,  but  of  a 
higher  boiling  point,  or  may  belong  to  the  polyter])enes. 

Still  less  do  we  know  of  the  source  of  these  hydrocarbons.     Whether  they  are  produced  by 
the  tree  simultaneously  witli  pinene,  and  are,  therefore,  to  be  found  in  the  oleoresin,  or  whether 
they  are  all  or  in  i)art  produced  by  e.xternal  agencies  after  the  turpentine  has  been  dipped,  can  not 
be  answered.     Probably  the  formation  of  these  other  hydrocarbons  takes  jdace  in  both  ways  spon 
taneously  in  the  tree  and  by  some  inffuences  outside  tlie  tree. 

Indeed,  all  terpenes  have  this  ])roperty  in  common  that  they  easily  undergo  change,  from  ojitic- 
ally  active  to  inactive,  from  hemiterpeues  to  teri^enes  and  polyter])enes.  The  change  can  be  brought 
about  eitlnn-  l)y  heat  alone,  or  by  heating  the  terpenes  with  salts  or  acids.  So,  when  a  sample  of 
American  turpentine  oil  of  +]S.(P  was  heated  to  200°  C.  for  two  hr)urs,  it  showed  an  opposite  rota- 
tion of  — 0.9°.§  Pinene  heated  to  250°  to  300°  is  converted  into  dipentene  GioHi^,  boiling  at  175°, 
and  a  hydrocarbon  GioH.),,  l>oiling  at  260°  C. 

These  ilhtstrations  will  suffice  to  show  that  the  transfiu-matiou  of  pinene  into  isomeric  and 
heavier  hydrocarbons  may  occur,  at  least  partially,  after  the  turpentine  has  been  removed  from 
the  tree. 

The  crude  turpcntiiie  from  Finns 2>»'li(stris,  or  long-leaf  pine,  is  thus  made  up  of — 

(1)  Rosin,   75  to  90  per  cent ;   mostly  abietic  anliydride. 

(2)  Australene.  2.5  to  10  i)er  cent ;  boils  at  1.55  to  156"^' C. 

(S)   8ome  other  terpenes  of  Cii, His;  small  portions;  kind  not  known. 
(1)  Some  poly  terpenes  of  (C.=,Hs)n  ;  small  portions  ;  kind  not  known. 

(5)  Cymene  (  ?)  CioHu;  small  portions,  if  any ;  boils  at  175  '  to  17(5'^  C. 

(6)  Traces  of  formic  and  acetic  acids;  produced  probaldy  by  atmospheric  oxidation  during  collection  of  tur- 
pentine. 

*Allen,  Com.  Or;/.  JiiaL,  2.  437.  t  Allen.  Com.  Org.  Anal.,  2.  441. 

tJoiir.  Anal,  and  AppJ.  Clicm.,  6,  5  v^  Mnspratt's  Chemie,  4th  ed.,  1,  153 
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ANALYTICAL   WORK. 

As  both  the  ro^n  and  the  volatile  oil  are  easily  soluble  in  chloroform,  ether,  carbon  disulphide, 
etc.,  their  separation  from  wood  by  any  of  the  above  solvents  would  appear  to  be  an  easy  matter. 
But  an  exact  quantitative  determination  of  the  volatile  oil  presents  considerable  difficulties,  and 
for  these  reasons:  (L)  Wood  can  not  be  dried  free  from  moisture  without  driving  off  some  of  the 
volatile  hydrocarbons;  (2)  the  ether  extract  cannot  be  freed  entirely  from  ether  without  some 
loss  of  the  volatile  oil. 

If  a  weighed  quantity  of  wood  shavings  is  exhansted  with  ether,  the  residue  dried  at  100°  C. 
and  weighed,  the  total  loss  thus  found  will  represent: 

The  moisture  =  if. 
The  rosin  —  B. 
The  volatile  hydrocarbons  =  T. 

It  is  sufficient  to  determine  two  of  these  factors ;  the  third  could  tYien  be  determined  by  differ- 
ence. But  as  has  been  mentioned  before,  the  ether  extract  can  not  be  obtained  iu  any  degree  of 
purity  without  loss  of  turpentine.  The  evaporation  of  ether  iu  a  stream  of  dry  air,  as  proposed  by 
Dragendorf,  for  the  estimation  of  essential  oils  iu  general,  does  not  give  satisfactory  results  with 
turpentine  oil,  as  Dragendorf  himself  observed. 

A  weighed  quantity  of  a  mixture  of  rosin  and  oil,  made  up  iu  about  the  same  proportion  as 
they  exist  in  crude  turpentine,  was  dissolved  in  a  suitable  amount  of  ether.  The  latter  was  then 
evaporated  in  a  current  of  dry  air  till  the  odor  of  ether  was  hardly  noticeable.  Tlie  mixture  was 
found  to  have  gained  considerably  in  weight  by  retaining  ether  in  the  thick  sirui>y  oleorosin.  It 
was  only  by  heating  at  100°  0.  for  some  time  that  all  of  the  solvent  could  be  driven  off,  and  then 
the  mixture  was  found  to  have  lost  in  weight.  Eepeated  trials  proved  that  this  method  could  not 
be  used  safely. 


*     Fig.  17. — Method  of  chemical  analysis  of  turpentine. 

An  attempt  was  then  made  to  determine  the  quantities  H  and  B,  and  thus  find  T  by  dif- 
ference. A  weighed  quantity  of  wood  shavings  was  i)iaced  in  a  small  flask,  a.  The  latter  was 
connected  on  one  side  with  a  tray  of  dryhig  bottles,  on  the  other  with  two  OaOl2  tubes,  b  and  c, 
similar  in  size  and  form.  Tlie  flask  is  immersed  in  boiling  water  and  a  current  of  dry  air  is  passed 
through  the  whole  apparatus  for  one  and  one-half  liours.  The  flask  is  then  cooled  and  air  is 
passed  for  one  and  one-half  hours  longer.     (Fig.  17.) 

It  was  thonght  that  while  b  would  retain  all  the  moisture  and  a  portion  of  the  volatile  com- 
pounds, c  would  retain  about  the  same  amount  of  the  Volatile  products  only.  Gain  in  weight  of  c 
subtracted  from  that  of  h  would  then  give  the  moisture  H.  The  samr)le  of  wood  shavings  is  then 
exhausted  with  ether,  the  latter  evaporated,  and  the  residue  heated  at  about  140°  to  150°  to  con- 
stant weight;  this  gives  the  rosin  B.     If  L  be  the  total  loss  by  extraction  with  ether,  we  have 

L-{R+B)  =  T. 

But  it  was  soon  found  by  experiments  upon  pure  turpentine  oil  that  the  two  OaCla  tubes  did 
not  retain  an  equal  amount  of  volatile  oil.  The  quantity  retained  depended  upon  many  circum- 
stances, the  chief  one  being  the  amount  of  moisture  already  present  in  the  CaClj  tubes. 
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Even  had  tlie  tubes  retained  equal  quantities  of  turpentine  oil,  this  method  would  still  have  the 
objection  that  one  of  tlie  constituents  Avas  to  be  determined  by  difference — an  objection  especially 
serious  when  the  ingredient  to  be  so  determined  is  small  in  comparison  with  the  materials  to  be 
weighed. 

The  writer  has  therefore  attempted  to  make  use  of  a  somewhat  different  principle.  A  few  trials 
were  snfftcient  to  show  that  the  method  x)romised  to  give  satisfactoxy  results.  The  basis  of  the 
method  is  the  same  which  serves  for  the  production  of  Russian  turpentiue  oil  on  a  large  scale, 
namely,  the  distillation  of  the  volatile  i)roducts  from  the  wood  itself,  without  previously  obtaining 
the  turpentine.  But  instead  of  condensing  tlie  volatile  products,  their  vapors  are  passed  over 
heated  copper  oxide  whereby  they  are  burned  to  water  and  carbon  dioxide.  Many  trials  were 
made  with  this  method  upon  i)ure  materials  and  on  samples  of  resinous  wood;  as  the  results  were 
found  to  be  entirely  concordant  and  satisfactory,  the  method  was  adopted,  and  by  it  were  obtained 
the  results  i^resented  in  this  report. 

IJESCEIPTIOjSf    OF    THE   METHOD   EMPLOYED. 


A  weighed  amount  of  Avood  shavings  is  placed  in  a  straight  OaClo  tube  a.  The  tube  is  con- 
nected on  one  side  by  means  of  a  capillary  tube  witli  a  drier  A,  which  serves  for  freeing  the  air  from 
moisture  and  GO2.  The  other  end  of  the  tube  is  connected  with  an  ordinary  combustion  tube  h 
containing  granulated  GuO.  The  tabe  is  drawn  out  at  one  end  as  is  shown  in  the  figure,  and  the 
narrow  portion  is  loosely  filled  with  asbestos  wool.     The  connection  is  made  glass  to  glass,  so  that 


Fig.  18. — Method  of  distillatiou  of  turijeutiue. 

the  vapors  of  distillation  do  not  come  in  contact  witli  any  rubber  tubing.  The  forward  end  of  the 
combustion  tube  is  connected  with  a  CaCli  tube  e,  one-half  of  which  is  filled  with  granulated  CaCl2 
and  the  second  half  with  P,0.,.  Then  follows  a  potash  l)ulb  d  provided  with  two  straight  tubes,  the 
first  one  filled  with  solid  KOH,  the  second  with  P2O5.  The  last  tabe  is  connected  with  an  aspirator. 
All  the  connections  having  been  made  air-tight,  tlie  connection  lietween  the  tube  a  and  the 
drier  A  is  shut  off' by  means  of  a  clamp  and  the  aspirator  turned  on.  When  the  combustion  tube 
has  been  heated  to  dull  redness  the  burner  under  the  air-bath  B  is  lit  and  the  temperature  raised 
to  1100-1200  C.  The  moisture  contained  in  the  tube  escapes  quite  rapidly,  carrying  Avith  it  some 
turpentine  oil.  The  capillary  tul)e  at  the  other  end  of  a  practically  checks  backward  diffusion  or 
any  accumulation  of  condensed  vapors.  In  about  15.  minutes  all  the  moisture  appears  at  the  for- 
ward end  of  the  combustion  tube.  The  clamp  is  now  opened  and  a  stream  of  air  at  the  rate  of 
somewhat  over  one  liter  an  hour  is  passed  though  the  whole  apparatus,  Avhile  the  temperature  of 
the  air  bath  is  raised  to  155o  to  I6O0  C,  and  kept  at  that  point  for  about  45  minutes.  Towards  the 
end  of  the  operation  the  temperature  is  raised  to  165o  to  170o  0.  for  10  mmutes.  Then  the  light 
under  the  air-bath  is  turned  off  and  air  aspirated  for  20  to  25  minutes  longer.     As  the  aii-oath  ih 
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in  close  contact  with  the  combustion  furnace  the  whole  length  of  the  tube  is  kept  at  a  temperature 
above  the  boiling  point  of  turpentine  oil ;  in  this  way  a  comi)lete  distillation  is  insured. 

All  the  moistuue  is  retained  by  c,  while  the  CO2  is  absorbed  in  the  potash  bulb  d.  The  gain 
in  weight  of  c  represents  the  moisture  originally  i>resent  in  the  sample  of  wood  +  the  water  pro- 
duced in  the  combustion  of  the  hydrocarbons.  The  gain  in  weight  of  d  represents  the  amount  of 
CO2  derived  from  the  combustion  of  the  volatile  products. 

The  tube  a  is  now  transferred  to  an  ordinary  Loxhlet's  extraction  apparatus  and  exhausted 
with  ether.  The  latter  is  distilled  off,  the  residue  dried  for  about  2  hours  at  100°  O.  and  weighed. 
This  represents  the  amount  of  rosin  in  the  sample  of  wood  taken. 

As  has  been  previously  mentioned,  the  volatile  oil  of  the  oleoresin  is  not  pure  australene 
CioHie  =  (05H8)2:  It  i)robably  contains  some  other  hydrocarbons,  either  of  the  same  formula  or 
belonging  to  the  class  of  polyterj)enes  (OsHs),,.  It  is  clear  that  whichever  they  be,  their  percent- 
age composition  is  alike  in  all;  they  all  have  C  =88.23  per  cent,  H  =  11.77  per  cent.  Therefore, 
so  far  as  the  combustion  of  the  volatile  terpeues  is  concerned,  they  can  all  be  rei)resented  by  the 
equation 

GioHi6-+-1402  =  10C02  +  8H20     ■ 

136  440  144 

In  other  words,  440  j)arts  of  CO2  are  derived  from  136  parts  of  volatile  terpenes. 

'.  440:136  =.  1:X;  X^  0.3091 

i.  e.,  1  part  of  CO2  obtained  in  the  combustion  represents  0.309  parts  of  volatile  hydrocarbons. 
For  every  440  parts  of  CO2  produced  there  are  144  parts  of  H2O  formed. 

440:144  =  1:X;  X  =-0.3272. 

i.  e.,  simultaneously  with  1  part  of  OO2  there  is  j)roduced  0.327  parts  of  H2O. 

Let  the  weight  of  the  sample  taken  =  W 
Let  the  weight  of  CO*  obtained  =:  TV 
Let  the  weight  of  H.2O  obtained  =  W 


Then — W  X  0.309  =  T,  the  amount  of  volatile  hydrocarbons. 

W  X  0.327  =  H',  the  amount  of  HiO  corresponding  to  the  volatile  hydrocarbons. 
W"  X  — H'=:H,  the  amount  of  moisture  in  the  wood. 
T^=  per  cent  of  T;  iZ"=  jier  cent  of  moisture. 

W  If 

Thus  the  moisture,  the  volatile  hydrocarbons,  and  rosin  are  obtained  directly  from  the  same 
sample.  Where  many  estimations  are  to  be  made  it  is  of  course  unnecessary  to  cool  down  the 
combustion  tube  between  successive  combustions. 

The  temperature  of  distillation. — Some  experiments  were  made  to~ determine  at  what  tempera- 
ture it  is  safe  to  conduct  the  distillation.  Although  pure  turpentine  boils  at  156-160°  C,  yet 
in  open  air  it  can  be  volatilized  at  a  much  lower  temperature,  even  on  the  water-bath,  without  any 
difficulty.  Especially  is  this  the  case  when  the  vapors  are  removed  as  soon  as  formed  by  a  stream 
of  air,  but  it  must  be  remembered  that  the  volatilization  of  the  essential  oil  directly  from  the  wood 
might  be  considerably  hindered  by  the  large  amount  of  rosin. 

A  sample  of  wood  distilled  by  the  method  outlined  above  gave  the  following  results  at  differ- 
ent temijeratures : 


Another  samjile  gave: 


120° 

140° 

1560-60° 

170° 

2"  = 
Hj0  = 

Percent. 

1.09 

11.17 

Per  cent. 

1.18 

11.33 

Per  cent. 

1.30 

11.23 

Per  cent. 
1.26 

Per  cent. 
1.32 

160° 

180° 

T  = 
Hj0  = 

Per  cent. 
4.00 
8.79 

Per  cent. 
3.98 
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The  results  v^oxdd  iBcIicate  that  the  distillation  is  practically  complete  at  100°  and  that  the 
wood  itself  does  not  contribute  any  COo  by  partial  decomposition  at  that  high  temperature,  for, 
should  the  latter  be  the  case,  higher  results  might  be  expected  at  180°  than  at  HH)"^  and  tlien  the 
sapwood  would  give  much  higher  luimbers  for  turpentine  oil  than  tliose  actually  obtained. 

E\en  if  this  method  does  not  give  the  absolute  amounts  of  volatile  hydrocarbous,  yet  it  certainly 
gives  results  very  near  the  truth,  and,  what  is  more  important,  under  the  same  conditions  it  gives 
constant  results.  Therefore,  by  employing  strictly  parallel  conditions  in  the  analysis  of  the  differ- 
ent samples,  results  are  obtained  whiclican  be  safely  used  as  indices  of  comparison  of  the  relative 
amounts  of  volatile  hydrocarbons  in  the  samples  under  analysis. 

Material  for  aitah/sin  and  method  of  designation. 

Materials. — Trees  No.  52  and  53,  nhaudoned  5  years. 

Trees  No.  60  and  (il,  ahaudoued  1  year. 

Trees  No.  1  and  2,  not  tapped. 

Trees  .54-57,  aliaudoned  5  years. 

Trees  58-59,  abandoned  5  years 

Trees  63-65,  abandoned  1  year. 

Trees  66-69,  abandoned  1  year. 

Trees  17-19,  not  tapjjcd. 
Generally  disk    II  is  23  feet  from  tjronnd. 
disk    III  is  33  feet  from  ground, 
disk    IV  is  43  feet  from  gronnd. 

Method  of  desifination. — It  was  thought  best  to  make  a  somewhat  detailed  analysis  of  a  few  bled 
and  unbled  trees  in  order  to  gain  an  insight  into  the  quantitative  distribution  of  turpentine  in  the 
trees.  Each  disk  was  divided  into  pieces  of  about  thirty  rings  each,  the  heart  and  sapwood, 
being  kept  separate.  The  number  of  the  disk  is  designated  by  a  Roman  figure,  the  kind  of  wood 
by  either  .s-  for  sapwood  or  //  tor  hcartwood.  The  Arabic  figure  wliich  precedes  the  //  or  .v  desig- 
nates the  number  of  the  piece  counting  for  the  sapwood  from  the  bark,  for  the  heartwood  from  the 
line  of  division  between  sap  and  heart. 
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Fig.  19. — Distribiitiiiii  of  turpeiitiue  iu  trres.     (A  piece  marked  5*2,  III.  2h  nieaus  tree  No.  52,  disk  III.  the  second  jiiece  of  the  heart.) 

Preparation  of  material. — The  first  sis  tables  give  the  results  of  what  might  be  called  "detail" 
analysis,  where  each  ]»iece  of  about  thirty  rings  has  been  analyzed  separately.  The  material  for 
analysis  was  pre[)ared  in  the  following  way:  A  radial  section  of  the  disk,  about  1  to  li  Indies 
thick,  is  selected.  A  piece  of  1  inch  is  cut  off  transversely  and  the  strip  is  then  divided  into 
]»ieces  of  about  thirty  rings  each.  From  the  treshly  cut  transverse  surface  al)out  15  grams  of  thin 
shavings  are  planed  oft  and  placed  in  a  stoppered  bottle.  The  exact  amount  used  for  analysis, 
usually  from  3  to  5  grams,  is  found  by  weighing  the  bottle  before  and  after  taking  out  the  portion 
for  analysis. 

The  second  set  of  tables,  VII  to  XII,  inclusive,  give  the  results  of  ''^  average"  analysis.  The 
material  for  these  analyses  was  obtained  by  mixing  equal  quantities  of  sliavings  from  the  corre- 
s])onding  portions  of  several  trees  and  taking  for  analysis  an  average  samjile  of  the  mixture.  The 
sap  wood  furnished  one  analysis,  and  the  heart  wood  was  either  analyzed  as  a  whole  or  divided 
into  two  portions,  1/;  and  _!/(,  if  of  considerable  thiclcness. 

JS'otes  OH  Tables  I  to  XII. 

Each  table  contains  a  column  "calculated  for  wood  free  from  moisture,"  giA^ng  the  per  cent  of 
volatile  hydrocarbons  ami  rosin  obtained  by  calculation  from  results  actually  found.  Objections 
might  be  raised  to  this  mode  of  interpreting  the  results.     It  might  be  said  that  the  moisture  in  the 
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wood  can  not  be  disregarded  because  it  is  as  mneli  an  essential  proximate  constituent  of  wood  as 
the  turpentine  itself  is.  But  siuce  the  analyses  were  not  made  soon  after  the  trees  had  been  felled, 
the  moisture  found  i*i  the  samples  does  not  represent  the  original  moisture,  nor  does  it  represent 
equal  portions  of  it  in  all  samples.  The  numbers  given  in  the  column  ''water"  are  of  course  sug- 
gestive as  to  the  comparative  degree  of  retention  of  moisture  by  the  different  samples,  since  the 
latter  were  all  exposed  to  about  the  same  influences.  Bat  it  seemed  best  to  compare  the  amounts 
of  volatile  hydrocarbons  and  rosin  on  wood  free  from  tliat  variable  constituent;  the  more  so  as 
some  time  elapsed  between  the  analysis  of  the  first  and  last  samples. 

The  last  column  in  each  table  contains  the  ratio  between  the  volatile  hydrocarbons  and  rosin. 
This  ratio  is  multiplied  by  100  and  means  that  for  every  100  parts  of  rosin  as  many  i^arts  of  the 

volatile  hydi-ocarbons  are  found  as  is  indicated  in  the  column.     This  ratio  (  p  )  is  of  little  value 

in  cases  when  the  amount  of  turpentine  is  small,  because  a  very  small  increase  of  the  first  con- 
stituent— an  increase  within   experimental   error — will  change  tbe  quotient  considerably.     An 

T 

increase  of  0.07  per  cent  ot  volatile  hydrocarbons  in  00,  lY,  \s  will  bring  up  p  from  T.U.to  10.     A 

rp  J^' 

decrease  of  0,07  per  cent  in  5li,  IV,  2.s'  Avill  change     ,  from  25.20  to  about  19.     These  numbers  are 

therefore  of  very  little  significance  when  applied  to  the  sapwood  of  all  samples,  to  entire  tree  52, 
and  to  some  parts  of  ti^ees  60  and  1,  all  of  which  show  only  small  portions  of  turpentine. 

DISCUSSION    OF   KESITLTS    OBTAINED. 

Relation  of  rosin  and  volatile  hydrocarbon  to  inoistnrc. — The  amount  of  moisture  retained  by 
different  samples  does  not  seem  to  have  any  direct  relation  to  the  amount  of  oleoresin  in  these 
samples.  Yet  in  the  same  tree,  or  rather  in  the  different  ])arts  of  the  sanie  disk,  there  seems  to  exist 
something  like  a  relation  of  the  two.  This  is  especially  noticeable  in  tree  No.  53.  The  moisture 
retained  seems  to  vary  inversely  with  the  amount  of  oleoresin  iu  the  sample.  Compare  for  example 
in  53  II,  1/t,  2/(,  3h;  in  53  III,  l/f.,  2/t,  3//,  47/;  in  53  lY,  2/;,  3//,  ih.  The  piece  richest  in  oleoresin 
is  generally  the  poorest  in  moisture.  But  this  is  by  no  means  a  universal  rule.  Some  trees  show 
about  the  same  per  cent  of  moisture  in  parts  widely  diffei'ing  from  each  other  in  the  amounts  of 
turpentine,  and  in  many  instances  a  smaller  amount  of  turpentine  is  associated  with  a  smaller  i)er 
cent  of  moisture. 

Sapwood  and,  lieartirood. — All  the  analyses,  detail  and  average,  show  conclusively  that  the  sa]3- 
wood  is  comparatively  very  poor  in  turpentine;  it  is  immaterial  whether  it  comes  from  a  rich  tree 
or  a  poor  one,  from  a  tapped  tree  or  an  untapped  one.  The  turpentine  in  sapwood  reaches  3  to  4 
per  cent  in  very  rich  trees,  as  in  ISTos.  53,  61,  and  2;  in  the  remaining  trees  it  is  2  to  3  per  cent. 
Consequently  the  results  obtained  for  sapwood  ai-e  not  taken  into  account  in  the  following  para- 
graphs.    When  diffei'cnees  between  trees  are  spoken  of,  it  applies  entirely  to  heart-wood. 

The  different  parts  of  the  same  dish  show  a  constant  relation  iu  nearly  all  instances.  In  most 
cases  Ih  is  the  richest,  and  the  heartwood  grows  poorer  as  we  approach  the  pith  of  the  tree.  In 
a  few  cases,  as  in  1  III  and  in  1  lY,  Ih  and  2//  are  practically  identical,  while  in  some  instances, 
in  2  III,  61  II,  61  Til,  ;ind  53  II,  Ih  is  poorer  than  2//.  In  nearly  all  cases  the  decline  is  marked 
in  3/(,  and  ih  is  usually  found  to  be  the  poorest  part  of  the  disk.  This  relationship  can  be  repre- 
sented in  a  general  way  by  tlie  fijUowing  curve. 
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FKi.  20.— Kelationsliip  of  difl'ereiit  i  arts  of  same  disk. 

BelaMon  of  volatile  hydrocarbons  to  rosin. — As  the  turpentine  iu  the  tree  is  a  solution  of  rcsiu 
in  an  essential  oil,  it  will  follow  that  the  richer  a  tree  is  in  turpentine  the  richer  it  will  be  in  the 
constituents  that  go  to  make  up  this  mixture.  One  would  also  expect  that  the  ratio  between  the 
volatile  hydrocarbons  and  rosin  woidd  be  tolerably  constant  in  the  dilferent  parts  of  i:\ie  same 
tree.  But  the  results  of  analysis  do  not  indicate  it.  They  show  that  this  ratio  increases  with  the 
14500— No,  8 6 
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amount  of  rosin.    A  part  of  lieartwood  having  twice  as  mupli  rosin  as  another  part  mil  contain 

more  than  twice  as  much  volatile  products  as  the  second  part.    This  is  true  in  a  general  sense  of 

parts  of  the  same  disk,  of  i^arts  of  different  disks  in  the  same  tree,  and  parts  from  different  trees; 

there  is  no  distinction  in  that  respect  between  b]ed  and  unbled  trees.     This  relationship  can  be 

formulated  in  tlie  following  way:     The  crude  turpentine  from  heartwood  rich  in  oleoresin,  avOI 

yield  a  comj)aratively  larger  amount  of  turi^eutine  oil  than  the  turpentine  from  heartwood  poor  in 

oleoresin. 

It  has  been  shown  thafthe  heartwood  grows  poorer  from  Ih  towards  the  pith  of  the  tree.    It 

T 
will  therefore  follow  from  what  has  been  s;iid  in  the  preceding  jjaragraph  that  —  will  also   grow 

K 

smaller  from  Ih  to  the  pith.     The  yield  of  volatile  oil  from  a  constant  quantity  of  turpentine  can 

be  expressed  in  a  general  way  by  a  graphic  illustration  similar  to  that  which  expresses  the  yield 

of  total  oleoresin  fi'om  different  jjarts  of  the  disk. 
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Fici.  21. —  Vielil  III'  volatile  uil  t'nnii  con.staiit  quantity  of  turpentine. 


T 
It  is  difficult  to  explain  satisfactorily  this  decrease  of  v,-    The  two  parts  of  the  radial  sections 

si, 

that  have  been  the  longest  exposed  to  air  are  l.s-  and  the  last  /(.     the  question  naturally  arises — 

T 

May  not  the  decrease  of-^;be  due  to  a  greater  evaporation  of  volatile  hydrocarbons  from  these 

two  ends'?  But  this  can  hardly  be  so.     53,  II,  ■^li  was  analyzed  at  intervals  of  two  months  and 
furnished  the  following  data : 


I.  Sept.  28. 

II.  Nov.  27. 

H„0=11.  23 
T'  =  1.  30 
K     =  7,  96 

7.24 
1.34 
8.12 

Calculated  for  wood  free  from  moisture : 


I. 

II. 

T=1.30 
K— .8.96 

1.  30 

8.75 

Suflicient  experimental  data  are  lacking  to  prove  conclusively  that  the  volatile  hydrocarbons 
do  not  evaporate  to  any  extent  from  the  heartwood,  except  from  freshly  cut  surfaces  of  it. 

Relation  icticeen  different  disls  of  the  same  tree. — There  is  no  constant  relation  between  the 
different  disks  of  the  same  tree  so  far  as  the  amount  of  oleoresin  is  concerned.  Although  the  disks 
do  vary  from  each  other,  the  variation  can  not  be  connected  with  gralvitation  by  virtue  of  which 
the  lower  disks  would  contain  a  larger  amount  of  turpentine  than  the  upper  ones ;  for  different 
trees  vary  from  each  other  considerably  in  that  respect,  the  variation  being  apparent  in  both  bled 
and  unbled  trees.  If  a,  &,  e  stand  for  the  amounts  of  oleoresin  in  disks  denoted  by  Eoman  numbers, 
the  relative  magnitudes  being  represented  by  the  letters  in  the  alphabetic  order,  then  the  results 
of  analysis  can  be  condensed  in  the  following  table  for  the  trees  denoted  in  Arabic  numbers : 


53 

60 

61 

1 

2 

IV 

a 

1) 

a 

c 

111 

b 

c 

a 

c 

b 

11 

c 

a 

b 

b 

a 

43 


It  is  evident  tliat  no  constant  relation,  as  to  amounts  of  oleoresin,  exists  between  the  disks  of  the 
same  tree. 

Comparison  of  free  52  with  53. — These  two  trees  were  both  supijosed  to  have  been  sound, 
healthy  trees  at  the  time  of  felling,  and  yet  they  differ  from  each  other  as  much  as  two  trees  could 
differ.  The  heartwood  of  one  is  very  rich  in  turi)entine,  that  of  the  other  contains  comparatively 
very  small  quantities,  only  a  trace.  How  to  explain  this  difference?  Previous  to  felling  they  had 
both  been  tapjjed  for  four  consecutive  years,  consequently  both  must  have  contained  considera- 
ble amounts  of  turpentine.  Since  the  last  tapping  they  stood  for  five  years  side  by  side,  both 
exposed  to  the  same  influences.  This  great  difterence  can  not  be  traced  directly  to  tapping,  for 
the  latter,  it  may  be  assumed,  would  have  affected  both  trees  equally.  The  cause  of  the  difference 
between  53  and  h'l  ought  to  be  looked  for,  rather,  in  the  condition  of  the  two  trees  before  tapping. 
In  coanection  with  this  it  would  be  interesting  to  know  how  much  turpentine  had  each  tree  yielded 
when  tapped. 

Comparison  of  tree  60  with  61. — There  is  a  decided  difference  between  the  two  trees.  The 
highest  numbers  in  60  are  0.84  per  cent  for  volatile  hydrocarbons  and  5.35  for  rosin,  while  in  61 
0.75  and  5.67  are  the  lowest  numbers  for  the  corresponding  constituents,  the  highest  being  3.49 
and  16,29,  respectively.  Here  again  we  have  two  trees  of  about  the  same  age,  under  apparently 
the  same  conditions  of  growth,  tapped  at  the  same  time  and  abandoned  for  the  same  length  of  time 
before  felling,  and  yet  differing  very  widely  from  each  other.  It  is  difficult  to  conceive  why  tap- 
ping should  have  affected  the  heartwood  of  these  two  trees  in  such  a  strikingly  dilferent  manner. 
If  the  assumj)tion  is  made  that  the  tapiiing  had  drained  both  trees  equally,  what  explanation  can 
be  given  for  the  fact  that  within  only  one  year  of  abandonment  one  tree  is  very  rich  in  turpentine, 
while  the  other  has  less  than  one-fourth  as  much"? 

Comparison  of  trees  52  and  53  with  60  and  61. — Compare  53  and  61.  Here  we  have  two  trees 
both  very  rich  in  turpentine,  but  while  53  had  five  years  of  rest  after  tapping,  61  had  only  one 
year.  Had  the  tapping  forced  the  trees  to  pour  out  their  oleoresin  previously  stored  up  in  the 
heart,  we  should  expect  to  find  in  the  time  of  rest  the  prime  factor  for  a  tree  in  resuming  its  natural 
condition.  But,  on  the  contrary,  results  of  analysis  show  th;it  time  of  abandonment  before  felling- 
is  of  little  importance.  While  we  can  have  a  tree  very  rich  in  turpentine  within  five  years  after 
tapping,  we  can  also  have  trees  rich  and  poor  even  within  one  year,  and  trees  almost  totally 
deprived  of  turpentine  in  the  heartwood  within  Ave  years  after  tapping. 

Comimrison  of  1  with  2. — These  two  trees  had  never  been  tapped,  and  yet  neither  is  rich  in 
turpentine.  No.  2  contains  about  twice  as  much  turpentine  as  No.  1,  the  difference  becoming- 
smaller  as  Ave  go  up  the  tree.  The  highest  numbers  for  2  are  1.93  and  14.19  for  T  and  -B,  respec- 
tively, the  lowest  0.86  and  5.89J  with  an  average  of  about  1  and  7.  We  can  say  that  there  is  as 
much  difference  between  untapped  trees  as  there  is  between  trees  thathave  been  tapped. 

Average  analyses. — The  average  analyses  cover  16  trees;  13  trees  furnish  4  sets  of  analyses  of 
tapped  trees,  and  3  tree§  furnish  1  set  of  untapped.  The  results  obtained  are  summarized  in  the 
following  table : 


II. 

III. 

Remarks. 

T. 

li. 

T 

-j^X  100. 

T. 

P. 

T 

54-57 
57-59 
63-65 
66-69 
17-19 

Per  cent. 
0.93 
0.80 
0.91 
0.89 
0.64 

Per  cent. 
5.88 
4.06 
5.32 
4.95 
2.98 

15.58 
19.63 
17.18 
18.  00 
21.37 

Per  cent. 
0.58 
0.82 

Per  cent. 
3.98 
4.29 

14.04 
19.10 

Abandom-d  5  yt^ars. 

Do. 
Abandoned  1  year. 

Do. 
Not  tapped. 

0.71 

3.21 

21.76 

These  results  show  a  jsretty  constant  average  number  for  turi^entine  in  tapped  trees.  The 
heartwood  of  untapped  trees  is  poorer  in  both  volatile  oil  and  rosin  than  that  of  tapped  trees. 
And  here  again  it  is  worthy  of  notice,  that  time  of  abandonment  is  of  little  importance  to  tapped 
trees.  The  trees  that  had  been  abandoned  for  one  year  are  fully  as  rich  as  those  that  had  five  years 
to  recover  from  tappingv 

Comparison  of  tapped  tvilh  untapped  trees. — If   now  the  heartwood  of  tapped  trees  be  com- 
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pared  with  that  of  untapped,  one  is  at  a  loss  as  to  what  coucliisions  shoukl  be  drawn  from  so  few 
analytical  data.  It  is  remarkable  that  the  two  richest  trees  and  the  poorest  tree  are  among  those 
that  had  been  tapped.  Of  the  remaining  19  trees  there  is  no  difference  between  the  14  tapped  and 
5  untapped.  Whatever  differences  are  found  among  bled  trees  are  equally  found  among  those  that 
have  not  been  tapi)ed. 

Indeed,  from  the  study  of  the  results  of  analysis  the  writer  is  of  the  opinion  that  the  difference 
in  untapped  trees  is  due  to  the  same  cause  as  the  difference  in  trees  that  have  been  tapped.  As 
stated  on  page  43,  the  cause  of  the  difference  among  tapped  trees  can  not  be  traced  directly  to 
tapping;  it  ought  to  be  looked  for,  rather,  in  the  condition  of  the  trees  previous  to  tapping. 

The  difference  between  trees  52  and  53  can  be  explained  on  the  following  hypothesis:  53  had 
been  a  rich  tree  from  early  growth,  and  had  a  large  amount  of  ti^ii'pentine  stored  up  in  the  heart- 
wood  ;  52  for  some  reason  or  other  had  very  little  stored  away.  When  the  two  trees  were  subjected 
to  tapping  they  gave  up  whatever  turpentine  they  had  in  the  fi(q)u-o(>(f  and  whatever  they  could 
produce  from  season  to  season,  till  at  the  end  of  four  years  the  i^roduction  became  too  small  in 
amount  and  too  poor  in  quality.  The  trees  were  then  abandoned.  But  tree  Xo.  53  had  its  oleo- 
resiu  in  the  heartwood  untouched,  while  ]S'o.  52  had  hardly  any  before  tapping,  and  for  the  same 
unknown  cause  did  not  store  away  any  in  the  heartwood  since  the  tree  had  been  abandoned. 

The  esplanation  offered  in  the  preceding  paragraph  gains  still  more  probability  when  trees  60 
and  (Jl  are  compared  with  each  other  and  also  with  52  and  53.  The  difference  between  1  and  2, 
the  results  of  average  analyses,  all  these  are  very  suggestive  of  the  theory  that  the  sap  and  not 
the  heart  of  the  tree  supplies  the  turpentine  vrhen  the  tree  is  tapped.  The  fact  that  the  heartwood 
of  trees  felled  one  year  after  tapping  is  fully  as  rich  or  as  poor  as  that  of  trees  felled  five  years  after 
tapping  seems  to  the  writer  of  especial  siguiticauce,  for  it  shows  tliat  the  richness  of  the  heart- 
wood  in  a  tapped  tree  is  independent  of  time  of  rest  before  felling. 

It  is  a  well-known  fact  that  when  a  pine  tree  is  cut  transversely,  liquid  turi^entine  immediately 
appears  on  the  fresh  surface  of  the  sap  wood,  while  the  heartwood  remains  perfectly  clear.  It  would 
seem  as  if  the  turpentine  in  the  sap  is  far  less  viscid  than  that  in  the  heart  of  a  tree.  It  is  prob- 
able that  the  turpentine  in  tlie  sap  is  richer  in  volatile  hydrocarbons  than  that  in  the  heart.  [A 
difference  of  cell  structure  and  manner  of  existence  of  oleoresins  may  also  account  for  this  differ- 
ence in  part. — B.  E.  F.] 

It  is  generally  stated  that  crude  turpentine  as  obtained  on  a  large  scale  yields  from  10  to  25 

T 
per  cent  of  volatile  oil.     This  gives  j^  =  11.11  to  30,  with  an  average  of  over  20.     This  average  is 

T 
somewhat  higher  than  tliat  for  the  ^  as  found  for  the  turpentine  from  heartwood  of  the  21  trees 

analyzed.     Although  experimental  data  are  wanting  to  vshow  conclusively  that  the  difilerence  in 

the  consistency  of  the  oleoresin  from  sapwood  and  heartwood  is  due  to  a  difference  in  the  relative 

amount  of  volatile  oil,  yet  it  is  (piite  probable  that  this  should  be  the  cause.     The  oleoresin  in  the 

heartwood  of  trees  has  been  produced  for  the  most  part  when  the  heartwood  was  yet  sapwood. 

Therefore  that  part  of  turpentine  which  is  found  in  the  heartwood  is  the  oldest  in  age,  and  con- 

sequ(Mitly  has  been  expo.sed  the  longest  to  oxidizing  iniluences  of  air,  which  gradually  replace  the 

water  when  the  sapwood  changes  to  heartwood.     It  is  the  same  kind  of  oxidation  and  of  tliick- 

euiiig  which  takes  place  Avhen  crude  turpentiiu'  is  exposed  to  the  air  and  sun,  or  when  a  fresh 

■  T 
cut  is  made  in  the  bark  of  a  tree.     It  is  probably  for  the  same  reason  that  ^  becomes  smaller  as  we 

approach  the  pith  of  the  tree,  because  the  parts  nearest  the  pith  are  the  oldest. 

It  is  difdcult  to  conceive  how  the  thick  oleoresin  of  the  heartwood  could  be  made  to  flow 
towards  the  incision  when  a  tree  is  tapped.  It  is  also  difficult  to  explain  by  what  ineans  the  tree, 
could  change  this  thick  turpentine  into  a  less  viscid  solution  in  order  that  it  may  flow  toward  the 
wound. 

One  would  Judge,  a  priori,  from  the  great  difference  in  the  consistency  of  the  turpentine  in  the 
heart  aiul  sap  that  only  the  liquid  turpentine  will  flow  when  a  tree  is  tapped.  Tapping  will  then 
have  little  effect,  if  any,  upon  the  oleoresin  stored  up  in  the  heartwood  of  tlie  tree,  A  tree  whose 
heartwood  is  rich  in  turpentine  will  remain  so  after  tapping. 
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The  writer  is  not  willing  to  generalize  too  hastily  from  so  few  results  and  consider  them  as  a 
solution  of  the  problem.  A  large  number  of  analyses  devoid  of  the  possibility  of  chance  selection 
of  samples  is  necessary  before  a  positive  or  a  negative  answer  can  be  given  to  the  question,  Does 
the  tapping  of  trees  forturi^entine  atfect  the  subsequent  chemical  composition  of  tbeheartwood? 

But,  however  few  in  numbei  the  results  are,  they  admit  of  the  following  couclusions: 

(1)  Trees  that  have  been  tapped  can  still  contain  very  much  turpentine  in  the  heartwood. 

(2)  Trees  that  have  been  abandoned  for  only  one  year  before  felling  can  contain  fully  as  much 
turpentine  in  the  heartwood  as  trees  that  have  been  abandoned  for  five  years. 

(3)  Trees  that  have  not  been  taijped  at  all  do  not  necessarily  contain  more  turpentine  in  the 
heartwood  than  trees  that  have  been  tapped. 

The  accompanying  diagram  (page  46)  serves  to  show  what  proportion  of  each  disk  was  involved 

in  each  of  the  detail  analyses,  and  the  results  in  each  case.     The  right-hand  vertical  line  reiiresents 

the  pith  of  the  tree,  the  horizontal  lines  represent  the  radial  extension  of  each  disk  as  numbered  by 

roman  number,  the  position  of  the  disk  in  the  tree  being  maintained  as  in  natuie,  IV  being  the  top, 

II  the  lower,  and  III  the  intervening  disk.     The  subdivisions  of  radii  represent  the  actual  divisions 

of  tbe  disk  to  scale  of  one-half  natural  size,  the  portions  to  the  left  of  the  heavy  subdivision  line 

representing  sapwood  s  1  and  s  2;  the  portions  to  the  right  heartwood  /t],  Ih,  divided  according  to 

the  method  as  indicated  on  page  41.    The  four  columns  of  figures  over  each  disk-piece  represent 

results  pertaining  to  that  piece;  they  stand  in  order  from  the  top  for  (1)  number  of  rings,  (2) 

T 
volatile  hydrocarbons,  (3)  rosin,  (4)  ratio  ^ ;  (2)  and  (3)  as  calculated  on  wood  free  from  moisture. 

For  instance,  for  tree  No.  63,  disk  IV,  s  2,  we  find — 

40       ^=  Number  of  rings. 
0.  40  =n;Per  cent  of  volatile  hydrocarbons. 
3. 81  =  Per  cent  of  rosiu. 

10.37:=^. 
Ji 
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FlQ.  22. —  Biagram  of  detail  analyses,  representing  radial  dimensions  of  teat  pieces  in  each  disk.    Scale,  one-half  natural  size. 
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Table  I.— Tree  No.  5S. 


Calculated  on  wood 

Num- 
ber 
of 

free  from  moisture. 

No.  of 
disk. 

Part 

of 

disk. 

"Width. 

"Water. 

Volatile 
hydrocar- 
bon. 

Kosin. 

Vol.hydroc. 

Volatile 

Rosin.       ^  ^"^ 

rings. 

hydrocar- 

Eosin. 

bons. 

Cm. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

is 

37 

3.3 

10. 51 

0.16 

0.87 

0.18 

0.V7 

18.39 

2s 

40 

4.0 

10.05 

0.17 

0.86 

0.19 

0.96 

19.77 

II 

1ft 

33 

3.0 

9.11 

2.32 

10.93 

2.56 

12.02 

21. 23 

2h 

32 

2.9 

8.79 

4.00 

17.  83 

4.  .39 

24.70 

22.43 

3ft 

32 

5.0 

8.47 

2.03 

11.26 

2.22 

12.30 

18.29 

4ft 

28 

10.0 

*11.  23 

1.30 

7.96 

1.46 

8.96 

16.33 

Is 

40 

2.7 

9.08 

0.  35 

2.69 

0.39 

2.96 

13.01 

2s 

•      37 

2.6 

8.90 

0.38 

2.75 

0.42 

3.02 

13.82 

ni 

1ft 

35 

3.5 

7.89 

3.57 

20.05 

3.87 

21.77 

17.85 

2ft 

38 

4.1 

8.04 

3.50 

18.48 

3.81 

20.09 

18.94 

3ft 

30 

5.5 

8.55 

1.92 

10.95 

2.10 

11.97 

17.53 

4ft 

18 

7.0 

8.79 

1.14 

8.86 

1.25 

9.71 

13.10 

Is 

48 

4.0 

8.96 

0.36 

3.47 

0.40 

3.81 

10.  37 

2s 

30 

3.0 

8.67 

0.42 

3.62 

0.46 

3.96 

11.60 

IV 

1ft 

34 

3.9 

8.04 

4.20 

22.  OH 

4.56 

24.  01 

19.02 

2ft 

33 

3.0 

7.93 

4.13 

20.  56 

4.49 

22.33 

20.12 

:ift 

31 

5.8 

8.65 

3.53 

16.21 

3.86 

17.74 

21.77 

4ft 

15 

5.3 

9.55 

2.41 

13.74 

2.66 

15.19 

17.53 

Table  II.— Tree  No.  62. 


Is 

40 

3.1 

2s 

40 

3.9 

II 

1ft 

36 

4.6 

2ft 

32 

3.0 

3ft 

35 

6.8 

4ft 

-24 

7.4 

Is 

30 

3.0 

2s 

40 

3.5 

1ft 

30 

3.4 

III 

2ft 

30 

3.0 

3ft 

32 

4.8 

4ft 

27 

6.9 

5ft 

11 

5.0 

Is 

40 

3.5 

2s 

35 

3.3 

ivj 

1ft 
2ft 

32 
34 

3.0 
2.8 

1 

3ft 

30 

3.6 

I 

4ft 

>     30 

6.8 

9.72 

9.77 
8.67 
8.44 
8.80 
8.55 

9.12 
9.00 
8.44 
8.51 
8.37 
9.35 
9.21 

8.88 
8.49 
9.08 
8.86 
8.48 
8.10 


0.27 
0.28 
0.28 
0.24 
0.16 
0.16 

0.23 
0.23 
0.14 
0.18 
0.13 
0.14 
0.13 

0.24 
0.31 
0.14 
0.  20 
0.21 
0.24 


1.98 
L81 
1.98 
1.68 
1.81 
1.38 

1.81 
1.08 
1.62 
1.71 
1.70 
1.45 
1.39 

1.28 
1.23 
1.50 
1.80 
1.57 
1.76 


0.30 
0.31 
0.30 
0.26 
0.17 
0.17 

'o.  25 
0.25 
0.15 
0.20 
0.14 
0.15 
0.14 

0.26 
0.34 
0.15 
0.22 
0.23 
0.26 


2.19 
2.01 
2.17 
1.83 
a.  98 
1.51 

1.99 
1.87 
1.77 
1.89 
1.86 
1.60 
1.53 

1.40 
1.34 
1.65 
L97 
1.72 
1.92 


13.64 

15.47 
14. 14, 
14.38 
8.83 
U.60 

12.71 
13.67 
8.64 
10.  .51 
7.65 
9.65 
9.26 

18.78 
25.20 
9.33 
11.11 
13.38 
13.64 


Table  III.— Tree  No.  61. 


Is 

35 

3.0 

2s 

35 

3.0 

n 

ift 

36 

•2.8 

2ft 

33 

3.2 

3ft 

30 

4.5 

4ft 

35 

9.5 

Is 

30 

3.0 

2s 

36 

2.7 

ni 

1ft 
2A 

'    40 
33 

3.1 
3.2 

3ft 

35 

6.0 

4ft 

30 

8.0 

7.94 
7.90 
7.35 
7.58 
7.64 
7.10 

7.65 
7.43 
7.14 
7.46 
7.41 
7.09 


0.18 
0.24 
1.45 
2.49 

2.70 
0.70 

0.20 
0.26 
2.85 
3.23 
2.91 
1.00 


2.77 
2.87 
7.30 
12.54 
10.46 
5.27 

2.78 

2.  55 

12.58 

15.08 

13.59 

7.47 


0.20 
0.26 
1.57 
2.69 
2.  92 
0.75 

0.22 
0.28 
3.07 
3.49 
3.14 
1.08 


3.01 
3.11 

7.88 
13.57 
11.34e 

5.67 

3.01 

2.75 

13.55 

16.  29 

14.18 

8.04 


6.50 
8.36 
19.  85 
19.86 
25.81 
13.28 

7.35 
10.20 
22.65 
21.42 
21.42 
13.39 


Table  IV.— Tree  No.  60. 


Is 

30 

2.7 

9.91 

0.26 

2.04 

0.29 

2.26 

12.74 

2» 

35 

2.8 

9.34 

0.30 

2.39 

0.33 

2.63 

12.56 

n 

1ft 

37 

3.5 

8.72 

0.65 

4.62 

0.71 

5.03 

14.07 

2ft 

33 

4.5 

9.15 

0.46 

2.47 

0.51 

2.71 

18.62 

3ft 

35 

4.6 

8.01 

0.67 

4.71 

0.73 

5.19 

14.02 

. 

4ft 

27 

6.5 

8.45 

0.43 

3.31 

0.47 

3.62 

13.00 

( 

Is 

30 

3.1 

8.74 

0.25 

2.42 

0.28 

2.65 

10.33 

2s 

34 

2.8 

8.60 

0.32 

2.63 

0.35 

2.88 

12.18 

ni. 

1ft 

30 

3.2 

8.68 

0.53 

3.47 

0.58 

3.80 

15.27 

2ft 

36 

4.4 

9.02 

0.36 

2.72 

0.40 

2.99 

13.23 

3ft 

38 

4.5 

7.73 

0.38 

2.  23 

0.42 

2.42 

17.04 

. 

4ft 

20 

6.0 

7.73 

0.46 

3.13 

0.50 

3.39 

14.70 

Is 

30 

2.6 

7.51 

0.15 

2.15 

0.16 

2.32 

7.02 

2s 

27 

2.6 

7.84 

0.22 

2.45 

0.24 

2.66 

9.09 

rv 

1ft 

28 

3.7 

7.77 

0.77 

4.94 

0.84 

5.35 

15.59 

2ft 

36 

5.0 

8.12 

0.37 

2.88 

0.41 

3.13 

12.85 

l- 

3ft 

.    40 

8.0 

7.92 

0.26 

2.81 

0.28 

3.05 

9.18 

*  53,  n,  4A  has  been  analyzed  some  three  weeks  earlier  than  the  remaining  parts  of  this  tree,  hence 
a  large  per  cent  of  moisture.    See  page  46. 


hill 


48 


Table  V.- 

—Tree  N^o.  1. 

Calfuilated  on  wood 

5!"o.  of 
disk. 

Part 

of 
disk. 

Num- 
ber 
of 

Widtb. 

Water. 

Volatile 
hydrocar- 

!    Eosin. 

free,  from  moisture. 

Vol.hvdroc. 

Volatile    j 

fio3in.       ^  l™ 

hydrocar- 
bons. 

Kosin. 

Cm. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent 

Is 

30 

2.0 

8.67 

0.18 

0.97 

0.20 

1.06 

18  55 

2s 

35 

3.Q 

8.77 

0.16 

1.21 

0.17 

1. 3'' 

13.72 
17  97 

II  "1 

1ft 

35 

3.6 

8.56 

1.08 

6.01 

1.18 

6.  57 

2ft 

:i4 

6.5 

8.39 

0.60 

.3.60 

0.66 

3.92 

'ill 

14 

3.0 

7.67 

0.34 

2.06 

0.37 

2.23 

16.50 

f 

1.S- 

30 

2.8 

7.94 

0.30 

2.07 

0.32 

•>.  "5 

14  49 

III^ 

2s 
2/i 

33 
30 
25 

3.0 
3.8 
4.2 

7.92 
S.  13 
7.78 

0.31 
0.  80 
0.  67 

2.23 
4.50 

4.72 

0.  34                 2.  42 
0.  94                 4.  90 
0.  73                 5. 12 

13.90 
19.11 

14  ^1 

3h 

13 

3.5 

7.57 

0.37 

3.30 

U.  40                 3.  57 

11.22 

r 

U 

30 

2.2 

8.33 

0.20 

1.31 

0.22 

1.43 

15.  27 

IV  ] 

2s 

28 

2.8 

8.12 

0.  23 

1.44 

0.  25 

1.57 

1.1.97 

Ih 
2ft 

32 
19 

5.0 
5.2 

7.94 
7.73 

0.  99 
0.98 

7.01 
6.11 

1.07 
1.06 

7.6] 
6.62 

14.12 
16.04 

Table  VI.— Tree  No.  2. 


Is 

30 

3.0 

7.  65 

0.18 

3.95 

0.20      ■ 

4.29. 

4  56 

1 

2« 

26 

2.  7 

8.19 

0.28 

2.  SO 

0.31 

3.05 

10.  |:0 

II- 

1ft 

34 

3.5 

7.31 

i.a 

9.25 

1.  55 

10.10 

15.35 

30 

5.0 

8.11 

1.77 

13.  05 

1.93 

14.19 

14.41 

3ft 

30 

6.0 

8.16 

1.27 

8.06 

1.39 

8  78 

15  75 

4ft 

11 

4.2 

7.88 

1.07 

8.24 

1.16 

8.94 

12.99 

' 

Is 

30 

2.7 

8.00 

0.16 

1.79 

0.18 

1.95 

8.  94 

III, 

2s 
1ft 

36 
33 

3.0 
3.2 

8.01 
7.44 

0.22 
1.25 

2.06 
8.46 

0.24 
1.37 

2.  24 
9.14 

10.  06 
14  77 

2ft 

28 

.5.5 

7.78 

0.85 

5.44 

0.92 

5.  89 

15  61 

3ft 

17 

4.8 

7.12 

0.80 

6.87 

0.86 

7.40 

11.64 

Is 

30 

2.7 

8.20 

0.28 

2.31 

0.31 

2.  .52 

12  12 

TvJ 

2s 

36 

3.0 

8.08 

0.31 

2.49 

0  34 

2.71 

12.  36 

]ft 

30 

3.6 

8.10 

1.04 

7.44 

1.13 

8.10 

13.98 

2ft 

30 

7.6 

7.81 

0.80 

5.91 

0.87 

6.41 

13.53 

Table  VII.— Trees  54,  55,  56,  and  67. 


Serial 
No.  of 
trees. 


54 
55 
56 

57 

54 
55 
56 


54 
55 
56 


54 

55 
57 

54 
55 
57 

54 
55 
57 


No.  of  disk. 


\  II,  S. 
I  n.lft. 
i   II,  2/1. 

( ni.ift.  j 
I  in,  2ft.  I 


No.  of 
rinss. 


48 
58 

90 
90 
33 
41 

31 
40 
15 
70 

68 
65 
52 

85     i 
92 
60     I 

32 
41 
68 


Widtb, 


Cm. 
3.8 
5.4 
4.8 
3.0 

10.5 
8.4 
6.5 
5.8 

10.5 
8.4 
6.5 
5.8 

3.0 
5.8 
5.0 

9.5 
8.5 
5.0 

9.5 

8.5 
5.0 


Water. 


Per  cent. 

] 

}     7.10 

7.11 

6.68 

6.65 
7.09 
7.46 


Volatile 
hydro- 
carbons. 


Per  cent. 
O.IS 


Uosin. 


Calculated  for  -n-ood 
free  from  moisture. 


0.65 


0.24 


0.75 


0.31 


Per  cent. 
L37 

6.30 

4.64 

1.80 
4.^6 
2.  75 


Vol.  hydx. 


Per  cent. 
0.20 

1.16 

0.70 

0.26 
0.81 
0.34 


Rosin. 


Per  cent. 
1.48 

6.78  " 

4.97 

1.93 

4.80 
2.97 


Vol.  hydr. 
Eosin. 


xlOO 


■  13. 14 


17.14 


14.01 


13.33 


16.82 


U.27 


Table  VIII.— Trees  58  and  59.\ 


58 
59 


58 
59 


58 
59 


58 
59 


U.S. 
n.  H. 

Ill,  s. 
III,H. 


I 

56 

OS 

5.7 
5.5 

52 
24 

7.0 
5.  5 

{ 

60 

87 

5.2 
6.0 

I 

63 
23 

7.0 
5.5 

6.48 
7.04 
20 


]      7.27 


0.26 
0.74 
0.18 
0.76 


1.65 
3.77 
1.25 
3.98 


0.28 
0.8 
0.20 
0.82 


1.76 
4.06 
1.35 
4.29 


15.76 
19.83 
14.14 
19.10 
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Table  IK..—Treen  03,  64,  and  63. 


Serial 
No.  of 
trees. 


63 
64 
65 

63 
64 
65 

63 
64 
65 


No.  of  dist. 


]  n,s.  \ 


U,lh. 


]   11,2..    \ 


No.  of 

Width. 

rings. 

Om. 

63 

5.2 

95 

3.0 

50 

6.6 

106 

10.0 

53 

6.0 

20 

4.5 

41 

10.0 

21 

0.0 

18 

J.  5 

Water. 


Per  cen  t. 
>     8.02 


8.20 


Volatile 
hydro- 
carbous. 


Eosin. 


Per  cent. 
0.10 


0.74 


0.92 


Per  cent. 
1.60 


3.90 


5.81 


Calculated  for  wood 
free  from  moisture. 


Vol.  hydr.        Eosiu. 


Per  cent. 

0.18 


0.81 


1.00 


Per  cent. 
1.74 


4.35 


6.20 


Vol.  hydr.  ^joo 
Kosin. 


10.00 


18.55 


15.80 


Table  X.— Trees  66,  67,  68,  and  69. 


66 

1         r 

48 

7.0  1 

67 
68 

U.S.  \ 

60 
50 

6.5   1 
3.3   f 

8.35 

0.13 

1.63 

0.14 

1.78 

8.00 

69 

J        I 

36 

3.0   J 

66 

30 

4.8  \ 

67 

68 

■  II.  H.  \ 

27 
21 

8.0   1 
2. 5   I 

7.03 

0.83 

4.00, 

0.89 

4.95 

18.00 

69 

48 

7.5  J 

. 

Table  XI.— Trees,  17,  18,  19. 


17 
18 
19 

17 
18 
19 

17 
18 
19 

17 
18 
19 

17 
18 
19 

17 
18 
19 


II,  s.  I 

II,  1ft.  < 
II,  2ft.  \ 

III,  S. 


,1ft.  \ 
,2ft.  \ 


42 

4.0 

67 

6.8 

04 

7.6 

48 

6.6 

63 

10.0 

37 

6.5 

46.3 

6.  « 

37 

10.  0 

20 

6.5 

38 

3.7 

63 

0.3 

73 

8.2 

5.3 

7.0 

55 

fi.  5 

37 

6.3 

46 

7.0 

40 

6.5 

27 

1 

6.3 

8.45 


8.18 


8.16 


8.31 


7.95 


8.26 


0.13 


0.72 


0.45 


0.10 


0.84 


0.47 


1.36 


3.19 


2.27 


1.22 


3.34 


2.56 


0.14 


0.78 


0.50 


0.11 


0.91 


0.50 


1.49 


3.48 


2.47 


1.34 


3.63 


2.79 


9.56 


22.81 


19.82 


8.20 


25.15 


18.36 


.  Table  XII. — A  summary  of  results  in  Tables  VII  to  XI. 


Serial  No. 
of  trees. 


54, 55, 56, 57  < 


68, 59  ^ 


63, 04, 65 


66, 67,  68,  69  5 


17, 18, 19 


Part  of 
disk. 


Volatile 
tj-drocarboD3 


.•]-{ 


S. 
H. 


^U^-{ 


S. 
H. 

S. 
1ft. 
2ft. 


In.  I 


Disc  n. 


Per  cent. 
0.18 
1.16  J 
0.10  i 

0.28 
0.80 


■  0.  93  < 


0.18 
0.81 
1.00 

0.14 
0.89 

0.14 
0.78 
0.50 


}0.9l{ 


^  0. 64  ^ 


Bosin. 


Per  cent. 

1.48 

6.  78  I  ,  g„ 

4.  97  i  *•  *** 

L76 
4.06 


Vol.  hydr. 

Ti,;sinr^i»"- 


Volatile 
hydrocarbons 


l.-i.  14 
(1     14.01  )^''-°' 


15.76 
19.63 


1.74 
4.35 
6.29 

1.78 
4.95 


|5.32{ 


1.49 
|1?|2.98| 


70.00 

18.  55  ; 
15.  80  5 

8.00 
18.00 

9.56 

22.  87  ) 

19.  82  i 


17.18 


21. 37 ; 


Disc  ni. 


Per  cent. 
0.26 
0. 81  i 
0.34' 

0.20 
0.82 


>  0. 58  < 


0.11 

0.91  ?o  „J 

0.50  3"-  '^\ 


Eosin. 


Per  cent. 
L93 
4.80 
2.97 

1.35 
4.29 


I  3. 89  J 


1.34 
3.63 
2.79 


}3.21^ 


Vol.  hvdr. 


Eosin. 


XlOO 


13.  33 


1«:«?}14.04 


14.14 
19.10 


8.20 
25. 
18, 


;  15^01 

;.  36  5  "^■ 
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FIELD  RECORDS  OF  TEST  MATERIAL 


By  Charles  Mohr. 


Species :  Finus  Palusiria. 

Station  (denoted  by  capital  letter):  A. 

State:  Alabama.     County:  Escamhia.     Tofrn:   Wallace. 

Longitude:  56'^  i5'.     Latitude:  .5i-  iJ'.     Average  altitude:  75 /rt7(7i9/fef.  ' 

General  configuration:  Plain — hills — plateau — mountainous.     General  trend  of  valley  or  hills:  Lou'  undula- 
tions iviih  broad,  expanded  ridijes. 

Climatic  features:  SuMropical;  mean  annual  temperatiu-e,  65°;  meau  annual  rainfall,  62  inches. 
Site  (denoted  by  small  letter) :  a. 

Aspect:  Level  almost — ravine — cove — bench — slope  (angle  approximately). 

Exposure :   Elevation  (above  average  station  altitude) :  125  feet. 

Soil  conditions: 

(1)  Geological  formation  (if  known) :  Southern  stratified  drift. 

(2)  Mineral  composition:  Clay — limestone — loam — marl — sandy  loam — loamy  sand — sand — gravelly. 

(3)  Surface  cover:  Bare — grassy — mossy.     Leaf  cover:  Abundant — moderate — scanty — lacking. 

(4)  Depth  of  vegetable  mold  (humus):  Absent  almost — moderate — plenty — or  give  depth  in  inches. 

(5)  Grain,  mechanical   conditions,   and  admixtures:    Very  fine — fine — medium — coarse — porous — light — 

loose — moderately  loose — compact — binding — stones  or  rock,  size  of : 

(6)  Moisture  conditions:  Wet — luoist — fresh — dry — arid — well  drained — liable  to  overflow — swampy — neai' 

stream  or  spring  or  other  kind  of  water  supply 

(7)  Color:  Ashy  gray. 

(8)  Depth  to  subsoil  (if  known):  Shallow  (3  to  4  inches  to  1  foot) — deep,  (1  foot  to  4  feet) — very  deep, 

(over  4  feet) — shifting. 

(9)  Nature  of  subsoil  (if  ascertainable) :  Bed  ferrufjinous  sandy   loam,  moderately  loose,  or  rather  slightly 

binding,  ahvays  of  some  degree  of  dampness,  of  great  depth. 
Forest  conditions:  Mixed  timber — pure — dense  growth — niodcratrly  dense — open. 

Associated  species :  Kone. 

Proportions  of  these :   

Average  height :  90  feet. 

Undergrowth  :  Dense — scanty,  in  the  original  forest  often  none — kind :   

Conditions  in  the  open  :  Field — pasture — lawn — clearing  (how  long  cleared) :  In  natural  clearing,  itniouchcd  by 
fiye,  dense  grores  of  second  growth  of  the  species. 

Nature  of  soil  cover  (if  any):  Weeds — brush — sod. 

Station:  A.  Site:  a.  Species:  Finns palustris.  Teee  No.:  1.  ■ 

Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

rather  light  or  dense  position,  etc.,  protected  by  buildings). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  artificial  planting). 

Diameter  breast  high:  19  inches.  Height  of  stcmp:  18  inches. 

Height  to  first  limb :  70  feet.  Length  of  felled  tree:  111  feet. 

Age  (annual  rings  on  stump) :  182.  Total  height:  113  feet. 

Note. — As  much  as  possible  make  description  by  underscoring  terms  used  above.  ..Add  other  descriptive  terms 
if  necessary. 
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'No.  of  disks^ 

Distance 
from  hutt. 

Weight  of 

combined 

disk  pieces. 

feemarks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter, 
bntt  end. 

Position. 

i 

Feet. 
0 
13 
19 
32 
47 
57 
67 
77 
87 
97 
107 

Pounds. 
33 
26 
24 
22 
19 
20 
18 
16 
15 
11 
10 

Crown  slightly  cov- 
ered ;  distance  from 
nearest  timber  tree, 
20  to 50 feet;  crown 
not  perfect ;  limbs 
greatly     shattered 
by  iali. 

1...... 

II 

Ill 

IV 

V 

VI 

VII 

vin 

IX 

X 

XI 

Ft.  In. 
0    8 
13    8 
19    8 
32    8 
47    8 
57    8 
67     8 
77     8 
87     8 
97     8 

107    8 

Ft.  In. 

12    4 

5    4 

12     4 

14    4 

9     4 

9    4 

9     4 

5     5 

3     5 

3     6 

8     6 

Inches. 
19 
15i 

'm 

13i 
13i 

11* 
64 

Buttend. 

Do. 
Upperend. 

Do. 

n 

m 

IV 

V 

VI 

vu.      

Vlil 

IX 

X 

XIa 

*  Average. 

Distance  from  butt  of  tree  :  98  foet.        Position  on  trunk  :  East.        Total  length  :  11  feot. 

Number  of  disks  taken :  Two. 
No.  I,  disk  X.     Weight,  2^  pounds. 
No.  II,  disk  X,  distance  of  tree  from  trunk,  .5  feet  6  inches.     Weight,  If  pounds. 

Remarks. — Top  of  tree  and  limbs  much  shattered  hy  fall.     Upper  part  of  logs  VIII  and  IX  rejected.     Lower 
end  of  logs  IX  and  X  rejected. 


Station:  A. 


Site:  a. 


Species  :  Pinus  palustris. 


Tree  No.  :  2. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  d6sorif)tion  of  site,  exceptional  exposure  to 
light  or  dense  position,  etc.,  protected  by  buildings) :  Dist/ance  from  nearest  timber  trees,  from.  18  to  30  feet; 
moderatly  dense  for  the  species. 

Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  artificial  planting). 


Diameter  breast  high :  18^  inches. 
Height  to  first  limb :  62  feet. 
Age  (annual  rings  on  stump) :  196. 


Height  of  stump  :  20  inches. 
Length  of  felled  tree  :  111  feet. 
Total  height  :  113  feet. 


No.  of  disks. 

Distance 
from  butt. 

Weight  of 

combined 

disk  pieces. 

Komarks. 

No.  of  log. 

Distance 
from  butt. 

Length 
of  log. 

Diameter, 
butt  end. 

I 

Feet. 
0 
13 
19 
32 
47 
57 
67 
77 
87 
97 

Pounds. 
33 
26 
24 
22 
19 
20 
18 
17 
14 
7 

Crown  entirely  free. 

I 

II 

Ill 

IV 

V 

VI 

VII 

vin 

IX 

X 

Ft.  In. 

0    8 

13    8 

19    8 

32    8 
47     8 
57     8 
67     8 
77     8 
87     8 
97     8 

Ft.  In. 

12      4 
5      4 

12      4 

14      4 
9       4 
9       4 
9       4 
9      4 
9       4 
7     11 

Inches. 
19 
13J 
14i- 
13J 
13i 
12i 
12i 
11 J 

H 

5S 

XI 

Ill 

IV 

V 

VI 

VII 

vm. 

IX 

X 

Distance  from  butt  of  tree  :  90  feot. 
Number  of  disks  taken :  3. 

Note. — Upper  end  of  log  X  rejected. 

Station:  A.  *      Site:  a. 


Position  on  trunk:  Northeast. 


Species  :  Pinus  palustris. 


Total  length  :  19  feet. 


Tree  No.  :  3. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  rather  dense  for  this  species,  position,  etc.,  protected  by  buildings). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  artificial  planting"). 


Diameter  breast  high :  16  inches. 
Height  to  first  limb :  53  feet. 
Age  (annual  liugs  on  stump) :  183. 


Height  of  stump  :  20  inches.  . 

Length  of  felled  tree  :  110  feet  4  inciies. 

Total  height:  111  feet  8  inches. 


No.  of  disks. 

Distance 
from  butt. 

Weight  of 

combined 

disk  pieces. 

Remarks. 

No.  of  log. 

Distance 
from  butt. 

Length 
of  log. 

Diameter, 
butt  end. 

Position. 

I 

Feet. 
0 
13 
19 
32 
47 
-57 
67 
77 
87 
97^ 

Pounds. 
27 
30 
20 
18 
16 
14 
17 
14 

Crown     touching 

those    of    nearest 

trees  to  the  N.  and 

NE. ;  open  toward 

SW. 

I 

11 

HI 

IV 

V 

VI 

VII 

VIII 

IX 

X 

Ft.  In. 

0    8 
13     8 
19     8 
32    8 
47    8 
57     8 
67     8 
77     8 
87     8 
97    8 

Ft.  In. 

12    4 

5    4 

12    4 

14     4 

9     4 

9     4 

9    4 

9    4 

3     6 

3     3 

Inches. 

lej 

144 
14 
134 
12i 

114 

9|- 

84 

7 

5 

Butt  end. 
Do. 

II 

Ill 

IV 

V 

VI 

VII 

VIII 

IX 

X 
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Distance  fhom  butt  of  tree:  98  feet.        Position  on  trunk'.  South. 

NrMni;ii  of  disks  taken  :  2. 
Disk  No.  I,  distant  from  trunk  of  tree  4  inches.     Weight,  .3  pounds. 
Disk  No.  II,  distant  from  trunk  of  tree  5  feet  4  inches.     Weight,  2  jiouuds. 

Kbmarks. — The  upper  ends  of  logs  IX  and  X  rejected. 


Total  length  :  15  feet. 


Station:  A. 


Site:  a. 


Species:  Finns imlustr is. 


Tree  No.:  4. 


Position  of  tree  (if  any  special  point  notable  not  ai)peariug  in  general  description  of  site,  exceptional  exposure  to 

light  oi'  dense  for  tlie  spc<',ie.s,  i)<)sition,  etc.,  protected  hy  huildings). 
Origin  of  tree  (if  ascertaiuahlc,  natural  seeding,  sprout  from  stump,  artificial  planting). 


Diameter  breast  high :  19  inches. 
Height  to  first  limb :  57  feet. 
Age  (annual  rings  on  stump) :  189. 


Height  of  stump:  1  foot  10  inches. 
Length  of  felled  tree  :  109  feet. 
Total  height:  111  feet. 


No.  of  disks. 

Distance 
from  butt. 

Weight  of 

combined 

disk  pieces. 

Keuiiirks. 

Ko.  t)f  log. 

Distance 
from  butt. 

Length 
of  log. 

Diameter, 
butt  end. 

Position- 

I    

Feet. 
0 
13 
19 
32 
47 
57 
67 
77 
87 
97 

Pounds. 
28 
25 
23 
23 
19 
18 
16 
16 
14 
6 

Crown  p.artiaUy  coh- 
ered, poorly  devel- 
oped   limbs   gnar- 
led, below  normiil 
average  length. 

I 

n 

HI 

Ft.  In. 
0    8 
13     8 
19     8 
32     8 
47     8 
57     8 
67     8 
77     8 
87     8 
97    8 

Ft.  In. 

12    4 

5    4 

12    4 

14    4 

9    4 

9    4 

9    4 

5    4 

9    4 

5    4 

Inches. 
19 
18 
17 
16i 

1 

Top  end. 
Do. 

II           

Ill  ;;:;::::;::: 

IV 

IV..... 

V 

VI 

Vil 

vm 

IX 

X 

V 

VI : : 

vn 

VIII 

IX 

X 

Position  on  trunk  :  Northeast. 


Total  length:  15  feet. 


Distance  from  butt  :  93  feet. 
Number  of  disks  taken :  2. 
No.  I,  disk  distant  from  trunk  of  tree,  5  feet. 

Remarks. — Of  logs  VIII  and  X  hutt  ends  were  rejected,  having  been  badly  shattered. 

Station:  A.  Site:  a.  ^vilci-&s:  Pinus palustris.  Tree  No. :  5  X. 

Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings).     Almost  level,  with  slight  incline  N.     Opeu  distance  of 

nearest  tree,  25  to  50  feet. 
Origin  of  tree  (if  ascertainable;  natural  seeding,  sprout  from  stump,  artificial  planting). 

Diameter  breast  high :  26|  inches.  Height  of  stump  :  1  foot  2  inches. 

Height  to  first  limb :  53  feet.  Length  of  felled  tree  :  105  feet. 

Age  (annual  rings  on  stump) :  216.  Total  height:  106  feet. 


No.  of  disks. 

Distance 
from  butt. 

Weight  of 

combined                          Eemarku. 
disk  pieces.! 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diamet«r 
butt  end. 

I 

Feet. 

2 

8 

14 

Pounds. 
40 
35 
33 

Crown  free  from   all  sides;  per- 
fectly developed  with  rich  foli- 
age ;  wood  resinous .    Some  per- 
hapsmoreresinous  on  account  of 
the  full  development  of  numer- 
ous   lateral    ones    and    fuller 
leaved    branches    are     distin- 
guished by  the  lumbermen  as 
pitch  pines.    The  timber  trees 
of  a  less  resinous  wood  being 
called    yellow     (long    leaved) 
pines.    Position  of  largest  limb 
north ;  at  least  35  feet  long. 

I 

II 

Ill 

Ft.  In. 
■       2      8 
8      8 
U      8 

Ft.  In. 
5      4 
5      4 
5      4 

Inches. 
27 
24 
228 

U 

ITT 

Remarks. — The  stump  was  found  defective  in  the  center;  the  disk  afl'ected  near  the  center  by  an  apparently 
slight  '•ringskake."  The  following  sections  showing  the  same  defect  in  a  small  and  decreasing  degree  toward  the  top. 
According  to  the  information  of  logmen  and  manufacturers  this  defect  is  not  regarded  as  a  material  injury  to  the 
quality  of  the  timber,  and  never  causes  its  under  classification.  On  the  broad  level  expanses  of  the  undulating 
uplands  most  exposed  to  wind,  hundreds  of  trees  of  such  dimension  and  ripeness  of  age  might  be  felled  before  cm 
is  found  to  be  absolutely  free  from  such  ringsJiake. 

Species:  Pinua ;palustrU. 
Station  (denoted  by  capital  letter) :  B. 

State:  Alabama.     County:  Clark.     Town:  Thomasville. 

Longitude:  56°  45'.     Latitude:  . 55°  4'.     Average  altitude :  55(9 /ce<. 

Greneral  configuration:  Plain — hills — plateau — mountainous.   General  trend  of  valleys  or  hills :  E,S,E.toNW. 

Climatic  features:  subtropical;  meag  annual  temperature,  66°  F.;  mean  annual  rainfall,  56  to  60  inches. 


53 

Site  (denoted  by  small  letter) :  a. 

Asjiect:  Level — ravine — cove— bencli — slope  (angle  approximately:  ?0°  to  40°). 

Exposure:.'. Elevation  (above  average  station  altitude) :  250  feet. 

Soil  Conditions : 

(1)  Geological  formation  (if  known) :  Lowest  Eocene.     Buhrstone. 

(2)  Mineral  composition :  Clay — limestone — loam — marl — sandy  loam — loamy  sand — sand — gravelly. 

(3)  Surface  cover :  Bare — somewhat  grassy — mossy.     Leaf  cover:  Abundant— moderate — scanty — lacking. 

(4)  Depth  of  vegetable  mold  (humus) :  Absent — moderate — plenty — or  give  depth  in  inches 

(5)  Grain,   mechanical   conditions,   and  admixtures:    Very   fine — fine— medium— coarse— porous— light— 

loose — moderately  loose — compact — binding — stones  or  rock,  size  of: 

(C)  Moisture  conditions:  Wet — moist— fresh — dry — arid — well  ilrained — liable  to  overflow — .swampy— near 
stream  or  spring  or  other  kind  of  water  supply 

(7)  Color:  Ashy. 

(8)  Depth  to  subsoil  (if  known) :  Shallow,  (6  inches  to  l_foot)— deep,  (2  feet  to  4  feet)  very  deep,  (over  4 

feet) — shifting. 

(9)  Nafure  of  subsoil  (if  ascertainable):  fine,  sandi/,  red fcrnu/ciU. 

Forest  conditions:  Mixed  timber — pure— dense  growtli — moderately  dense— open. 

Associ.ited  species:  Blaclc  Jaclc,  Sjiardsh  Oak,  Dogwood,  Bind:  f/nm. 
Proportions  of  these:  All  equally  in  very  small  jM'oportions.     Not  reaehbiy  10  ver  cent. 
Average  height:  30  to  40  feet. 

Undergrowth:  Dense — scanty — kind:  Scrubby  growth  of.  above  hardwoods,  ivith  Vacciniuni  Staminlum. 
Conditions  in  the  open:   Field— pasture— lawn — clearing  (how  long  cleared) :  Pinus  Taeda  with  P.  eschinuier, 
cleared  scarcely  over  So  years. 
Nature  of  soil  cover  (if  any) :  Weeds — brush — sod.     Brush  of  pines  and  hardwoods.     Pinus  paliistris  rarely 
seen  amongst  it,  and  of  crippled  growtli. 


Station:  B. 


Site:  a. 


Species  :  Pinus  palustris. 


Tree  No.  ;•  16. 


Position  of  tree  (if  any  special  points  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 
light  or  dense  position,  etc.,  protected  by  buildings),  on  gentle  decline  W.  S.  W.,  crown  partially  covered  N. 
to  E.  not  touching  and  free  S.  and  W. 

Origin  of  tree  (if  ascertainable";  natural  seeding,  sprout  from  stump,  artificial  planting.) 


Diameter  breast  high :  20  inches. 
Height  to  first  limb :  56  feet. 
Age  (annual  rings  on  stump) :  202. 


Height  of  .stump:  3  feet.  "" 
Length  oi^  felled  tree  :  105  feet. 
Total  height  :  108  feet. 


No.  of  disks. 

Distance 
from  butt. 

"Weifflit  of 

combined 

dislf  pieces. 

Eemarks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter 
butt  end. 

Annual 
rings  at 
butt  end. 

I 

Ft.  In. 
0    9 
19    3 
31     9 
44    3 
54    3 
64     3 
74    9 

Lbs.  Oz. 
24    0 
18    7 
15     0 
14    3 
13     4 

AUdislis  measured  C 

inches  in  Ijeiglit. 

15i  inches. 

12§  inches. 

12    inches. 

I 

II 

HI 

IV 

Ft.  In. 

0  15 

13    3 

19    9 

32    3 

Feet. 

12 

6 

12 

12 

IncJien. 
20 
19i 
10' 
15 

200 

II 

in 

19G 

IV 

V     

VI* 

VII 

7    0 

8J  inches. 

*  Rejected,  too  knotty  for  splitting. 

No.  II,  no  disk  taken,  radical  fissure  above  butt  cut  very  small,  timber  sound,  without  limb  knot  to  length  of 
44  feet. 


Station:  B. 


Site:  a. 


Species  :  Pinus  palustris. 


Tree  No.:  17. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 
light  or  dense  position,  etc.,  protected  by  buildings).  Near  top  of  ridge,  slight  western  decline,  crown  not 
touching  with  nearest  trees  of  similar  height,  which  are  from  40  to  50  feet  distant. 

Origin  of  tree  (if  ascertainable;  natural  seeding,  sprout  from  stump,  artificial  planting.) 


Diameter  breast  high:  21  inches. 
Height  to  first  limb  :  53  feet. 
Age  (annual  rings  on  stump):  163. 


Height  or  stump:  3  feet. 
Length  of  felled  tree  :  112  feet. 
Total  height  :  115  feet. 


Note. — As  much  as  possible  make  description  by  underscoring  terms  used  above.     Add  other  descriptive  terms 
if  necessary. 
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'iio.  of  disks. 

Distance 
from  butt. 

Weight  of 

eomuined 

disk  pieces. 

Eemarks. 

Xo.  of  log. 

Distance 
from  butt. 

Length  of     Diameter  1    ^^^^'^ 
log.        jbuttend.    ;    -f-t_ 

I 

Ft.  In. 
5    0 

17    8 
24    4 
37     0 
51    8 
62    4 
73     0 

Lbs.  Oz. 
33    8 

26  12 

26    2 
24     3 
20    4 
20     1 
19     0 

Di.sks,  as  in  all  fol- 
lo-n-ing  mature  trees, 
8  inches  high.     Five 
above    butl   cut  re- 
jected on  account  of 
wind    shalce    and 
radial  fissures. 

13  inches. 
12  inches. 
12  inches. 

I 

II 

Ill 

Ft.  In. 
5    8 

18    4 
25     0 

Feet. 
12 
6 

1 

Inches. 
20   • 
174 

le 

156 

154 
152 

n..l 

Ill 

IV 

Y 

VI.. 

Til  .     . 

The  fourtli  log,  14  feet  long  and  1.5i  inches  in  diameter,  had  to  be  discarded  on  account  oi'  frequent  small  limh 
knots,  not  discovered  until  its  intended  removal;  length  of  timber  free  from  any  knot  little  less  that  40  feet,  fur- 
nishing lumber  of  low  grades  to  length  of  50  feet  above  butt  cut. 


Station  b. 


Site  a. 


Species  :  Pin  us  pahistris. 


TjiEE  No.  18. 


PosiTiox  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  oi'  site,  exceptional  exposure  to 
light  or  dense  position,  etc.,  ijrotected  by  buildings).  On  gentle  slope  to  S.W.,  crown  touching  N.  to  E 
Exposed  S.  and  west. 

Origin  of  tree  (if  ascertainable,  natural  seeding,  sx)rout  from  stumi),  artificial  planting). 


Diameter  breast-high :  22  inches. 
Height  to  first  limb :  47  feet. 
Age  (annual  rings  on  stump) :  210. 


Height  of  Stump  :  3  feet. 
Length  of  felled  tkee  :  107  feet. 
Total  height:  110  feet. 


"So.  of  disks. 

Distance 
from  butt. 

Weight  of 

combined 

disk  pieces. 

liemarks. 

TSo.  of  log. 

Distance 
from  butt. 

Length       Diameter, 
of  log;         butt-end. 

I 

Ft.   In. 

5    0 

17    8 

32    4 
39    0 
53    0 
68    4 

Lbs.  Oz. 
28    4 
30    6 

27  12 
20  10 
25  11 
23    8 

Firsts  feet  above  butt-cut  rejected 
on  account  of  central  sniali 
wind  shake  (ring. shake). 

Two  feet  above  log  thrown  out 
on  account  of  limb  knot. 

■ 

I 

II 

Ill 

Ft.  In. 

5    8 

18    4 

33    0 

Feet. 
12 
12 

e 

Inches. 
214 
214 
20 

II      

Ill 

IV     . 

V 

VI 

Above  log  No.  Ill,  numerous  small  limb  knots  up  to  first  limb, 
obtained. 


No  further  log  oi  the  required  length  couW   6o 


Station  B. 


Site  a. 


Species:  P'mus  palasiris. 


Tree  No.  19:  ("Check  tree.") 


Po.siTiON  of  tree  (if  any  special  point  notable  not  apjieariug  in  general  description  of  site,  exceptional  exposure  to 
light  or  dense  i)osition,  etc.,  protected  by  buililings).  On  gentle  southern  decline.  Crown  free  frohi  all  sides. 
Surrounded  by  several  trees  of  almost  equal  dimeusions,  but  not  touching. 

OfiKHN  of  tree  (if  ascertainable:  natural  seeding,  sprout  from  stump,  artificial  planting). 


Diameter  breast-high:  26  inches. 
Height  to  first  limb :  43  feet. 
Age  (annual  rings  on  stump) :  160. 


Height  of  stump:  3  feet. 
Length  of  felled  tree  :  108  feet. 
Total  Height:  111  feet. 


No.  ol  disks. 

Distance 
from  butt. 

Weight  of 

coral)  ined 

disk  pieces. 

.Remarks. 

No.  of  log. 

i)istauce 
from  butt. 

Length 
of  log. 

Diameter, 
butt-end. 

Annual 
rings  at 
butt  end. 

I                    .  . 

Ft.  In. 
0    0 
12    8 
25    4 
39     8 
49    8 
59    8 
70    4 
80    0 

Lbs.  Oz. 
44    0 
35  13 
35  10 
31     7 
27  — 
25    8 
24    3 
17    3 

Of  vigorous   growth 
abovebutt-cut.with 
very   slight    radial 
fissures  which  com- 
pletely disappeared 
before  reai^liing  log 
No.  H.      No  cause 
can  be  given  for  its 
rapid  growth  if  itis 
not  to  be  ascribed 
■to  the  southeru  and 
freer  exposure. 

I 

II 

Ill 

Ft.  In. 

0    8 

13    4 

26    0 

Ft.  In. 
,    12    0 

12  0 

13  8 

Inches. 
26 
231 

•—2 

155 
146 
136 

n        

Ill       

IV 

V 

w           

vn 

VllI 

Log  No.  II  or  III,  from  all  appearances  perfectly  solid  and  without  any  wind  shake, 
log  and  6-foot  log  for  Mr.  Koth. 


Might  serve  for  6-foot  check 
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Station  B. 


Site  a. 


Speciks  :  Finns  palustris. 


Tkee  No.  20. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 
light  or  dense  pQ^ition,  etc.,  protected  by  buildings).  On  slope  of  a  section  of  about  20  degrees;  southern 
exposure;  crown //-ee  S.  to  S.  W.,  slightly  touching  N.  to  N.  E. 

Origin  of  tree  (if  ascertainable :  natural  seeding,  sprout  from  stump,  artificial  planting). 


Diameter  breast-high :  17  inches. 
Height  to  first  limb :  36  feet. 
Age  (annual  rings  on  stump) :  110. 


Height  oe  stump  :  2  feet  9  inches. 
Length  of  eeli-ed  tree  :  89  feet  3  inches. 
Total  Height:  92  feet. 


No.  of  disks. 

Distance 
from  butt. 

Weight  of 

combined 

disk  pieces. 

Eeniarks. 

iSTo.  oflog. 

Distance 
from  butt. 

Length 
of  log. 

Diameter, 
butt-end. 

Annual 
rings  at 
butt  end. 

I 

Ft.  In. 

0    0 
12    8 
32  — 
42    4 

Lhs.  Oz. 
31  12 
25  11 
25  3 
21    3 

Perfectly   free    from 
wind    shake  ;    of 
sturdy  growth ;  free 
from  any  knots  to 
the    heiaht   of    32 
feet  in  felled  tree. 

I 

II 

ft.   In. 

0    8 

13    4 

Ft.  In. 

12    0 
18    8 

Inches. 
17 
16J 

110 

107 

II 

in    

IV 

Species :  Pinus  palustris. 
Station  (denoted  by  capital  letter) :  A. 

State:  Alabama.     County:  Escambia.     Town:   Wilson. 

Longitude :  5*70  54'.     Latitude:  51°  g".    Average  altitude:  ^50. 

General  configuration :  Level,  or  undulating,  or  low.     Plain-Chills— plateau — mountainous.     General  trend  of 

valleys  or  hills,  Southern. 
Climatic  features:  Subtropical;  mean  annual  temperature,  65°;  mean  annual  rainfall,  55  to  60  inches. 
Site  (denoted  by  small  letter) :  a. 

Aspect:  Level — ravine — cove — bench — slope  (angle   approximately  upland).     Turpentine   orchard   abandoned 
1886. 

Exposure:  Elevation  (above  average  station  altitude),  afcoui  50 /ee<. 

Soil  conditions : 

(1)  Geological  formation  (if  known) :  Post-tertiary,  Orange  or  Lafayette,  sands  of  stratified  southern  drift. 

(2)  Mineral  composition:  Clay — limestone — loam — marl — sandy  loam — loamy  sand — sand — gravelly. 

(3)  Surface  cover :  Bare — grassy — mossy.     Leaf  cover:  Abundant — moderate — scanty — lacking. 

(4)  Depth  of  vegetable  mold  (humus) :  Absent — very  moderate — plenty — or  give  depth  in  inches :  about  3 

inches  mixed  with  soil. 

(5)  Grain,   mechanical    conditions,  and   admixtures:   Very  fine — fine — medium — coarse — jjorous — light — 

loose — moderately  loose — compact — binding — stones  or  rock,  size  of 

(6)  Moisture  conditions:  Wet — moist — fresh — dry — arid — well  drained — liable  to  overflow — swampy — near 

stream  or  spring  or  other  kind  of  water  sui)ply 

(7)  Color:  Ashy  gray. 

(8)  Depth  to  subsoil  (if  known)  :  Shallow  (5  to  4  inchoS  to  1  foot) — deep,  (1  foot  to  4  feet) — very  deep  (over 

4  feet) — shifting. 

(9)  Nature  of  subsoil  (i'f  ascertainable) 

Forest  conditions :  Mixed  timber — pure— dense  growth — moderately  dense — open  loamy  yellow  sand  for  1  foot, 

followed  by  coarser  sandy  loam,  irregularly  traversed  by  ledges  of  compact  ferruginous  conglomerate. 
Associated  species :  None. 

Proportions  of  these 

Average  height 


Undergrowth:  Dense — scanty — kind:  Scrubby  Black  Jaclc,  Blue  Jaclc,  Barren  and  Post  Oalc. 
Conditions  in  the  open:  Field — pasture — lawn — clearing  (how  long  cleared):  Dense  growth  of  species: 

Nature  of  soil  cover  (if  any):  Weeds — brush — sod. 

(rarely) 
The  undergrowth  of  scrub  oah  scarcely  exceeds  2  feet  in  height. 

Note. — As  much  as  possible  make  description  by  underscoring  terms  used  above.     Add  other  descriptive  terms 
if  necessary.  ^ 
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Station:  E.  Site:o.  Sf'ecjes:  Pivvs pal iisiris.  Tree  No. :  52. 

Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  ol  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  iirtiflcial  planting). 


Diameter  breast  high :  28i  inches  clear  of  bark. 
Height  to  lirst  limb :  61  feet. 
Age  (annual  rings  on  stump) :  — . 


Height  of  stump:  3  feet. 
Length  of  felled  tree:  108  feet. 
Total  HEIGHT:  ill  feet. 


No.  of  disks. 

Distance 
from  butt. 

■    Remarks. 

No.  of  log. 

Pistance 
from  butt. 

Length  of 
log. 

Biameter 
butt  end. 

Annual  rings  at 
butt  end. 

I.. 

Ft.  In. 
0    0 
20    6 
33    0 
43     0 
53     0 
63     0 
73     0 
83     0 

Slight  riug  shake. 

I 

Ft.  In. 
0    6 
21 

Feet. 
20 
12 

Inches. 
29 
24 

Slight  ring  shake. 

n     

II 

Ill 

IV 

V* 

VI 

VII 

vm 

*K6jected;  central  knots. 

Remarks  on  situation,  exposure,  etc. — Good  pine  land,  well  timbered.  On  gentle  slope  toward.s  the  north  and 
west;  trunk  bearing  two  boxes,  chip  from  5  to  6  feet  liigh  (to  base  of  box),  and  chipped  for  fully  four  seasons;  near 
middle  of  chip  on  the  callus,  the  sapwood  in  one  place  perforated  by  borers,  not  penetrating  to  the  heartwood 
which,  with  the  exception  of  a  slight  ring  shake  near  the  center,  is  perfectly  sound  to  a  height  of  over  43  feet. 


Station:  E. 


Site:  a. 


Species:  Finua palustria. 


Tree  No.  :  53. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  deuRf  |)i)sition,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  asiu-i  taiuable,  natural  seeding,  sinout  from  stump,  artiticial  planting). 


Diameter  breast  high:  29  inches. 
Height  to  lirst  limb  :  30  leet. 
Age  (annu;il  rings  mi  stump):  192. 


Height  OF  STUM r:  3  feet. 
Length  of  fellfd  tree:  115  feet. 
Total  height:  118  lect. 


No.  of  disks. 


I 

II 

I  a 

IV. 

V, 


D 

ist:mi;e 

fi( 

1111  bu 

tt. 

Ft. 

In. 

0 

0 

20 

6 

43 

0 

55 

0 

65 

0 

No.  of  lo" 


I. 
II. 


Bistance 
Ciuiii  butt. 


Ft.  In. 

0    6 

43    6 


Length  of 
log. 


Feet. 


20 
12 


Diameter 
butt  end. 


Inches. 


:!0 
22 


Annual 
ring.s  at 
butt  end. 


192 


Remarks  on  situation,  exposure,  etc. — Situated  on  iirst-class  pino  land,  well  timbered,  luxuriant  in  grass  and  herb- 
age, about  300  yards  distant  from  branch;  on  a  gentle  decline  to  the  west,  neuT  large  pines  in  the  open  forest  allow- 
ing free  exposure  in  every  direction;  tio  undergrowth.  One  large  limli  30  feet  above  butt  end;  perfectly  clear  from 
there  for  next  12  feet.  Sapwood  slightly  rotten  on  the  surface  in  coiisequeuee  of  a  deep  burn ;  slightly  cracked  in 
the  base  of  first  log,  and  with  a  few  splinter  holes,  insignificant  injuries,  caused  in  felling  the  tree;  besides,  the  tim- 
ber was  found  perfectly  solid  and  sound.     Boxes,  two. 


Station:  E. 


Site:  a. 


Species  :  Finns  palustrls. 


Tree  No.  :  54. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  artificial  planting). 


DI.AMETER  breast  high  :  23  inches. 
Height  to  first  limb :  66  feet. 
Age  (annual  rings  on  stump) :  180. 


Height  of  stump  :  3  feet. 
Length  of  felled  tree  :  102  feet. 
Total  height:  105  feet. 


No.  of  disks. 

Distance 
from  butt. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter 
butt  end. 

Annual 
rings  at 
butt  end. 

I    

Ft.  In. 

0    0 

12    6 

I 

Inches. 
6 

Feet. 
12 

Inches. 
21 

180 

n 

Remarks  on  exposure,  situation,  etc. — Situated  on  a  broad  ridge  forming  a  table-land  several  hundred  acres  in 
extent,  of  average  good  quality,  well  timbered,  with  a  number  of  trees  of  and  below  medium  size;  soil  covered 
with  grass  and  herbage;  crown  not  fully  exposed,  but  not  touched  by  the  trees  next  by.  A  must  sound  tree,  appar- 
ently without  flaw  for  the  length  of  50  feet  above  the  cut  to  the  first  few  small  limb  knots.     Bearing  two  boxes. 
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Station:  E.  Site:  a.  Species:  Pinus  pahtstris.  Tree  Xo.  :  55. 

PosiTiox  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  expooure  to 

light  or  flense  position,  etc.,  protected  by  buildings,  see  remarks.) 
Origin  of  tree  (if  ascertoinable,  natural  seeding,  sprout  from  stump,  artificial  planting). 

Dloieter  breast  high :  21  inches.  Height  of  .stump:  3  feet. 

Height  to  first  limb :  59  feet.  Length  of  felled  tree:  111  feet. 

Age  (annual  rings  on  stump) :  — .  Total  height  :  114  feet. 


No.  of  disks. 

Distance 
from  butt. 

Eemarks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter 
butt  end. 

I 

Ft.  In. 
12 
13    6 

The  first  foot  above  cut  rejected 
on    account    of   central     ring 
shake  and  eccentric  cracks. 

I 

Ft.  In. 

1     6 

Feet. 
12 

Inches. 
20J 

n 

Bemarks  on  situation,  exposure,  eic— Flat,  broad,  extensive  ridge,  among  trees  similar  in  size,  crown  not  exposed 
but  .not  touching;  boxes,  two;  timber  in  log  perfectly  sound;  pine  land  of  good  average  quality  and  well  timbered. 

Station:  E.  Site: 


a. 


Species:  Finvs  pahistris. 


Tree  No.  :  56. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposuie  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  irom  stump,  artificial  planting). 


Diameter  breast  high :  16|r  inches. 
Height  to  first  limb :  57  feet. 
Age  (annual  rings  on  stump)  :  — . 


Height  of  stump:  3  feet. 
Length  of  felled  tree  :  97  feet. 
Total  height:  100  feet. 


No.  of  disks. 

Distance 
from  butt. 

Eemarks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter 
butt  end. 

I 

Ft.  In. 

Perfectly  sound  in   heartwood; 
sound   .and  resinous;    slightly 
wind  shaken. 

I 

Inches. 
6 

Feet. 
12 

Inches. 
IC 

n 

12    6 
22    6 

Ltl 

BemarTcs  on  situation,  exposure,  etc. — On  good  pine  land  rather  closely  timbered,  flat,  Avide,  extended  back  of  ridco, 
from  a  group  of  trees  varying  from  10  to  16  inches  in  diameter ;  crown  not  fully  exposed ;  boxed  on  two  sides ;  timber 
showing  in  log  no  sign  of  injury  or  decay. 

Station:  E.  Site:  a.  Species:  Pinus palustris.  Trek  No. :  57. 

Position  of  tree  (if  any  special  point  notable  not  appe.iring  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  artificial  planting). 

Diameter  breast  high :  14*  inches.  Height  of  stump  :  3  feet. 

Height  to  first  limb :  33  feet.  Length  of  felled  tree  :  67  feet. 

•     Age  (annual  rings  on  stump) : — .  Total  height  :  70  feet. 


No.  of  disks. 

Distance 
from  butt. 

Eemarks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter 
butt  end. 

I 

Ft.  In. 

Diameter  14J,  with  slight  radial 
■wind  shake  through  center;  14 
inches;  sound. 

I 

Inches.' 
6 

Feet. 
12 

Inchet. 
14J 

II 

12    6 

Eemarlcs  on  situation,  exposure,  etc. — -On  broad  extended  ridge;  partially  shaded  by  larger  pines  somewhat  freely 
exposed  to  the  north.     One  box. 

Station:  E.  Site:  a.  Species:  Pinus  palustris.  Tree  No.  :58. 

Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable) :  Natural  seeding,  sprout  from  stump,  artificial  planting. 

Diameter  breast  high :  12  inches.  Height  of  stump :  3  feet. 

Height  to  first  limb :  43  feet.  Length  of  felled  tree :  87  feet. 

Age  (annual  rings  on  stump) :  Total  height  :  90  feet. 


No.  of  disks. 

Distance 
from  butt. 

Eem.irks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter, 
butt  end. 

I 

Ft.  In. 

Diameter,  12  inches;  sound. 
Diameter,  llj  inches;  sound. 
Diameter,  11  inches ;  sound. 

I 

Inches. 
6 

Feet. 
12 

Inchet 
12 

ri 

12    6 
24     6 

m 

14500— No.  8: 8 


S 
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Hemarku  on  situation  and  exposure. — On  broad  ridge;  ft-om  a  dense  grove  of  trees  of  about  the  same  dimensions 
grown  in  contact  with  that  of  trees  of  simihir  heijilit.     One  box. 


Station:  E. 


Size:  a. 


Species  :  Finns pahisiris. 


Tree  Xo..:  59. 


Position  of  tree  (if  any  special  jioiut  notable  not  apjiearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc..  protected  by  buildings,  see  remarks;. 
Origin  of  tree  (if  ascertainable),  natural  seeding,  sprout  from  stump,  artificial  planting. 


Diameter  breast  high:  12  inches. 
Height  to  first  limb:  46  feet.- 
Age  (annual  rings  on  stump) : 


Height  of  stump :  3  feet. 
Length  of  felled  tree :  88  feet. 
Total  height:  91  feet. 


No.  of  disks. 

Bistanee 
from  liiitt. 

Eeiiiaits. 

Xo.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter 
butt  end. 

I 

Ft.  III. 

Diameter,  12  iufhes. 
Diameter,  lOi  inches. 
Diameter.  10  inclies. 

I 

Inches. 
6 

Feet. 
12 

Inclies. 
12 

II 

12    6 
24    6 

Ill 

Hemarls  on  situation  and  exposure. — Both  the  same  as  in  tree  58. 

S'pecies:  Pitiuspalustris  {boxed  timlier  from  turj)e)iiine  orchard). 

Station  (denoted  by  capital  letter) :  A. 

State:  Alahama.     County:  Escambia.     Town:   Wilso'^i. 

Longitude:  87° 34' .     Latitude:  31° 2'.     Average  altitude :  2.30 ft. 

General  configuration:  Plain,  undulating  or  flat,  low  hills — platean — mountainous.     General  trend  of  valleys  or 
hills ;  South. 

Climatic  features:  Subtro2)ical;  mean  annnal  temperature,  65'-;  mean  annual  rainfall,  60  in. 
Site  (denoted  by  small  letter) :  a.     Turpentine  orchard  abandoned  1S90. 

Aspect:  Level — ravine — cove — bench — slope  (angle  approximately). 

Exposure:   Elevation  (above  average  station  altitude) :  30  feet. 

Soil  Conditions: 

(1)  Geological  formation  (if  known) :  I'ost-lertiari/.  Oranr/e.  or  Lafai/etie.     Saiids  stratified  drift  of  the  South. 

(2)  Mineral  composition:  Clay— limestone— loam— marl— sandy  loam  to  loamy  sand — sand — gravelly. 

(3)  Surface  cover:  Bare— grassy— mossy.     Leaf  cover:  Abundant— moderate— rerj/  scanty— lacking. 

(4)  Depth  of  vegetable  mold  (humus)  Absent— moderate— plenty— or  give  depth  in  inches:  3  to  3  inches 

mixed  with  soil. 

(5)  Grain,  mechanical  conditions,  and  admixtures:  Very  fine— fiue—me<lium— coarse— porous— light— loose 

— moderately  loose— .compact— binding— stones  or  rock,  size  of:  From  size  of  a  buckshot  to  a  piijeon 
egg,  mixed  withfurruginous  gravel. 

(6)  Moisture  conditions:  Wet— moist— fresh— dry— arid — well  drained — liable  to  overflow- swampy— near 

stream  or  sx^ring  or  otlier  kind  of  water  supply '. 

(7)  Color:  Beddish  broivn. 

(8)  Depth  to  subsoil  (if  known) :  .'■'hallow  ( below  3  Indies  to  1  foot)— deep  ( 1  foot  to  4  feet)— very  deep  (over 

4  feet) — shifting. 

(9)  Nature  of  subsoil  (if  ascertainable):  Deep  fjellow  or  reddish  brown. 

Forest  conditions :  Mixed  timber — pure — dense  growth — moderately  dense — open — sandy  loam  or  loamg  sa>id, 
retentirt  of  moisture  and  almost  to  same  degree  moist. 

Associated  species : 

Proportions  of  these :    J 

Average  height : 

Undergrowth:  Dense — scanty — kind:  almost  eniirely  wanting. 
Conditions  in  tlie  open  :  Field — pasture — lawn — clearing  (how  long  cleared) :  The  same  as  in  .site  a. 

Nature  of  soil  cover  (if  any) :  Weeds — brush — sod. 


Note. — ^As  much  as  possible  make  description  by  underscoring  terms  used  above.    Add  other  descriptive  terms 
if  necessary. 
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Station:  E. 


Site:  h. 


Species:  Pinus palnstris. 


Tree  No.  :  60. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense-position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sjjrout  from  stump,  artificial  planting). 


Diameter  l)reast  high:  23  inclies. 
Height  to  iirst  limb :  43^  feet. 
Age  (annual  rings  on  stump):  225. 


Height  of  stump :  3  feet. 
Length  of  felled  tree :  114|  feet. 
Total  height:  117  feet. 


No.  of  disks. 

Distance 
from  butt. 

Hem  arks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter, 
butt  end. 

Annual 

rings 

at  butt  end. 

I  : 

Ft.  In. 

0    6 

21    0 

33    6 

45    0 

Diameter,  clear  wood.  23  inches. 
Diameter,  clear  wood,  21  inches. 
Diameter,  19  inches. 

I 

II 

Ft.  In. 

2    0 

21    6 

Feet. 
20 
12 

Inches. 
23 
19J 

223 
220 

II  

Ill  

IV 

'  Bemarha  on  situation,  exposure,  etc. — On  gravelly  ridge,  partially  covered  by  equally  large  trees  on  the  north  side, 
timber  with  two  boxes,  chips  17  inches  each ;  sap  wood  slightly  wormeaten  along  the  base  of  the  callus  of  chip, 
not  penetrating  heartwood. 


Station:  E. 


Site:  6. 


Species  :  Pinus palustris. 


Tree  No.  :  61. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sjirout  from  stump,  artificial  planting). 


Diameter  breast  high :  26  inches. 
Height  to  first  ILiub :  64  feot. 
Age  (annual  rings  on  stump) :  214. 


Height  of  stump :  3  feet.    , 
Length  of  felled  tree :  117  feet. 
Total  height  :  120  feet. 


No.  of  disks. 

Distance 
from  butt. 

Eemarks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter, 
butt  end. 

Annual 

rings 

at  butt  end. 

I 

Ft.  In. 

0    0 

21    0 

33    6 

Diameter,  26|  inches. 
Diameter,  22i  inches. 
Diameter,  21^  inches. 

I 

II 

Feet. 
1 
21 

Feet. 
20 
12 

Inches. 

26J 
22i 

214 

II    ... 

Ill 

Memarks  on  situation,  exposure,  etc. — A  fine,  to  all  appearances,  perfectly  sound  tree,  grown  in  a  shallow  depression, 
with  a  luxuriant  soil  cover  of  grass  and  but  sliglitly  gravelly;  surrounded  by  large  trees  partially  covered  to  the 
northward;  elsewhere  of  free  exjjosure.  Timber  clear  of  knots  for  a  length  of  50  feet.  Diameter  below  crown,  19 
inches.    Boxes,  two. 


Station:  E. 


Site:  6. 


Species  :  Pinus  palustris. 


Tree  No.  :  62. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable;  natural  seeding,  s^jrout  from  stump,  artifical  planting;. 


Diameter  breast  high :  21  inches. 
Height  to  first  liujb  :  42  feet. 
Age  (annual  rings  on  stump) : 


Heiget  of  stump  :  3  feet. 
Length  of  felled  tree  : 
Total  Height  :  96  feet. 


93  feet. 


No.  of  disks. 

Distance 
from  butt. 

Kemarks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 

log. 

Diameter 
butt  end. 

I 

Ft.  In. 

0    0 

12    0 

Diameter,  21^  inches. 

I  .  .. 

Inches. 
C 

Feet. 
12 

Inches. 

n 

Iicmarks  on  situation,  exposure,  ete.— Evidently  a  perfectly  sound  tree,  clear  of  knots  or  limb  to  tbe  height  of  50  feet 
above  cut,  with  a  diameter  of  16  inches  below  crown.     On  gravelly  ridge;  on  all  sides  freely  exposed.     Boxes,  two. 


Station:  E. 


Site:  h. 


Species:  Pinus  palustris. 


Tree  No.  :  63. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable;  natural  seeding,  sprout  from  stump,  artificial  planting). 


Diameter  breast  high :  20  inches. 

Height  to  first  limb :  39  feet. 

Age  (annual  ringS'on  stump):  about  200. 


Height  of  stump:  3  feet. 
Length  of  felled  tree  : 
Total  Height:  109  feet. 


106  feet. 


{  ! 


m 


2so.  of  disks. 

Distance 
from  butt. 

Eemarks. 

^'0.  of  log.    ^^^Cl 

'             1 

Length  of      Diameter       ;t"°"jj 
llg.            huttend.        -f;« 

I 

Ft.  In. 

0    0 

12    6 

Diameter,  20i  inches. 
Diameter,  2o'inche3. 

Inches. 

1 

Feet.       1     Inchet.     \ 

12    :               20J             ,   198 

II 

Remarlcs  on  situation,  exposure,  etc. — Timber,  to  all  appearance,  perfect;  free  from  knots  to  the  height  of  35  feet, 
■^ith  a  diameter  of  18  inches  below  crown.  On  slightly  gravelly  ridge.  Somewhat  covered  to  the  eastward.  Other- 
wise exposure  perfectly  free.     Boxed  on  two  sides. 


Statiox:  E. 


Site:  6. 


Spf.ctes:  Pinus  palustris. 


Tree  Xo.  :  64. 


PosiTiO>'  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks.) 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stuinp,  artificial  planting). 


Diametp:u  breast  high  :  16  inches. 
HEKxiir  to  tirst  limb:  49  feet. 
Age  (annual  rings  on  stump) : 


Height  of  stomp  :  3  feet. 
Length  of  felled  tree  :  110  feet. 
Total  Height:  113  feet. 


Kg.  of  disks. 

Distance 
from  butt. 

Kemarks. 

1 
Xo.  of  log. 

1 
Distance  j  Length  of 
from  bntt.           log. 
1 

Diameter 
butt  end. 

I   

Ft.  In. 

0    0 

12    6 

Diameter,  16  inches. 
Diameter,  13  inches. 

I 

Inches.     1       Feet, 
r.    i               ^o 

Inches. 

II 

■     1 

i».j 

1 

Bemarks  on  situation,  exposure,  etc. — Sound  tree  ou  slight  declivity  of  gravelly  ridge  to  the  north;  covered  on 
all  sides  by  crowns  of  trees  of  about  equal  height.     One  bos. 


Staiiox:  E. 


Site:  b. 


Specif.s:  Pinus  palustris. 


Tree  No.  :  65. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  descriijtion  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  artificial  planting). 


Diameter  Ijreast  high  :  15  inches. 
Height  to  first  limb :  34  feet. 
Age  (annual  rings  ou  stump) : 


Height  of  stump  :  3  feet. 
Length  of  felled  tree:  78  feet. 
Total  Height:  «1  feet. 


No.  of  disks. 

Distance 
from  butt. 

Kemarks. 

No.  of  log. 

Dist.ance 
from  butt. 

Length  of 
log. 

Diameter 
butt  .-nd. 

I                          

Ft.  In.  \ 
1     U     •  On  ncconnl  of  ST)lit  in  fellin«^:  di- 

I 

Ft.  In. 
1     6 

Feet. 
12 

Inches. 
14i 

n 

13     6 

ameter  cle.ir  iif  bark.  U  inclies. 
Diameter,  Hi  inclies. 

Remarks. — Sound,  growing  on  gentle  declivity;  towards  northeast  of  gravelly  ridge;  slightly  covered  to  the 
southeast;  otherwise  perfectly  free  of  exposure.     One  box. 


Station:  E. 


Site:  h. 


Species:  Pinus  palustris. 


Tree  No.  :  66. 


Position  of  tree  (if  any  special  point  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  buildings,  see  remarks). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  artificial  planting).. 


Diameter  breast  high:  12  inches. 
Height  to  first  limb :  26  feet. 
Age  (annual  rings  on  stump) :  91, 


Height  of  stump  :  3  feet. 
Length  of  felled  tree:  65  feet. 
Total  Height:  68  feet. 


No.  of  disks. 

Distance 
from  butt. 

Kemaika. 

■vT«  „i., Distance 

No.  of  log.    ftombutt. 

Length  ot 
log. 

Diameter 
butt  end. 

Annual 
rings  at 
butt  end. 

I      

Ft.  In. 

0    0 

12    6 

Diameter,  11  inches. 
Diameter,  9J  inches. 

I 

Ineke*. 
6 

FeU. 
12 

Inchet. 
11 

• 

§0 

II   

Pemarls  on  situation,  exposure,  eto. — On  slight  northeastern  decline  of  grayelly  ridge;  wood  sappy  and  very 
resinous;  wood  sound.     One  box. 


Station:  E. 


Site:  b. 


61 


Species:  rinus pahisiris. 


Tree  No.  :  67. 


Position  of  tree  (if  fi*iy  spocial  poiut  notable  not  appearing  in  general  description  of  site,  exceptional  exposure  to 

light  or  dense  position,  etc.,  protected  by  bnilrtings,  soe  remarks). 
Origin  of  tree  (if  ascertainable,  natural  seeding,  sprout  from  stump,  artificial  planting). 


Diameter  breast  high :  l^^  inches. 
Height  to  first  limb:  48  feet. 
Age  (annual  rings  on  stump) :  116. 


Height  of  stump:  3  feet. 
Length  of  felled  tree  : 
Total  Height:  87  feet. 


84  feet. 


No.  of  disks. 

Distance 
from  butt. 

Eemarks. 

No.  of  log. 

Distance 
from  butt. 

Length  of 
log. 

Diameter 
butt  end. 

Annual 
rings  at 
butt  end. 

I '. 

Ft.  In. 

0    0 

12    6 

Diameter,  13|  inches. 
Diameter,  12  inches. 

I 

Inches. 
6 

Feet. 
12 

Inches. 
12J 

116 

II 

Remarks  on  situation,  exposure,  eto. — Same  as  in  66. 
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Fig.  1. — Diagram  sliowing  the  increase  in  tlie  modulus  of  rupture  in  cross-breaking,  with  decrease  in  percentage 

of  moisture. 
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Fig.  2, — Diagram  showing  the  increase  in  the  modulus  of  strength  at  the  ehistic  limit,  with  decrease  in  the 

percentage  of  moisture. 
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Plate  IX. 


RELATIVE    CRUSHING    STRENGTH    ENDWISE   IN  LBS.  PER  SQ.  IN. 


Fig.  1. — Diagram  sliowiug  the  increase  in  cru.sliing  strengtli  emlwise,  with  decrea.se  in  percentage  of  nioistnre. 
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Fig.  2. — Diagram  showing  the  increase  in  crushing  strength  across  the  grain,  with  decrease  in  percentage  of  uioisture. 


A 


Bulletin  No.  8,  Division  of  Forestry. 


Plate  X. 


GO 

RELATIVE     SHEARING    STRENGTH 

IN    LBS. 

PER    SO.   IN 

o 

-\ 

o 
I/) 

> 

o 

I/) 

a 

tn 

o 

O 

in 
CO 

o 

in 
<S1 

uJ 
a: 

o 

2 

\ 

40 

3      \ 

• 

\ 

o 

\ 

o 

CD 

■ee 

>30— - 

es 

—  -,0'AS 

\.      O               0^^ 

O^S 

5 

O 

UJ 
CL 

\    o 

G 

vo'^'"     of* 

•6"- 

^^~~\^         O 

o'fi-_ 

20 

0 

■"tf'.s 

■9^z-^ 

^~'^^~^° 

Obse.rvatwns 
dotted  ii/ies 

enctjDsed  by 
were  reduced 

"~->0^2 

^^^%-^ 

by  separate 

curves 

-         IS  ^ 
■-  Oo76, 

10 

^ 
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Fig.  2. — Diagram  showing  the  relation  between  strength  and  stiffness,  when  reduced  to  15  per  cent  moisture. 
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Fig.  1.— Diurgraiu  «ho\vmg  tlie  crushing  strength  endwise  and  the  specihc  gravity  or  weight,  when  reduced  to 

15  per  ccut  ixioi.sture. 
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Fig.  2. — Diagram  .sliowing-  the  absence  of  any  materinl  change  iu  specific  gravity,  with 

a  result  of  seasoning. 
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